





They* were going to draw this X-Ray Con- 
trol Housing 14° x7" x7”. Dies to prop- 
erly handle 1/16 inch steel cost $4200. 
We were asked to suggest something. 


se fe ome We said—''Fabricate it at a tooling cost 
Stamping of $140." The Manufacturing cost proved 


to be in line, precision held was + or 
005, the customer saved a lot of money. 
Perhaps your product too,—or part of 
it—could be fabricated, with comparable 
savings. It's well worth thinking about and 
enquiring about. Especially these days 
with die-making at a premium. Also out 
of that wide range of specialized skills 
listed in the box at the left we might en- 
gineer other valuable product improve- 
ments and economies for you. 
*(Name upon request) 


Machine Work 
Electrical Assembly 
Wiring and Testing 

Welding 

Paint Finishing 
Products Completely 

Manufactured 











B I G names in American 
Industry are customers of 
ours—tor many years too! 


LEWYT METAL PRODUCTS CO. Inc. 


Brooklyn, N. Y. 


60 Broadway 


Many satisfied industrial users attest to the perfect year in and year 
out efficiency of their LIODUIDOMETER tank gauges. Convenient, 
hazard-free, 100°/, Automatic—these tank gauges insure accurate 
readings whenever required. 


No pumps, valves or auxiliary 
units required to read levels. Bal- 
anced hydraulic transmission sys- 
tem completely compensates for 
temperature variations on com- 
municating tubing. Accuracy un- 
affected by changes in specific 
gravity. 

Approved for gauging hazardous 
liquids by Underwriters’ Labora- 
tories and other similar groups. 


Models are available for REMOTE 
signals, automatic control of pumps, etc. Direct Reading models 
may also be installed where remote reading is not desired. 


Write for complete details: 


THE LIAUIDOMETER corp. 


men \ 
36-27 SKILLMAN AVE 


LONG ISLAND CITY. N. Y 
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THE MAGAZINE OF 
| Measurement 
M. F. BEHAR, Editor an d ‘Bi ON tro l 


Instruments 





B d 9 pioneer in technical education: the late Nissim Béhar. But 
an Wagon: after having been laughed at by most engineering profes 

sors during the decade 1925-1934; and after seeing in recent 
ITH almost dramatic suddenness, courses in various Years the exasperatingly slow percolation of our postulates 
types of measurements and metering, and even in throughout academic circles, we confess that we are startled 





automatic control, are springing up throughout the country. >y the sudden rise in interest—like one of those chemical 
5 The proximate cause is the vital necessity of converting un- Processes that smolder for hours then go blooey if you 
trained youths into specialized workers and of re-training don’t add the inhibitor at the right moment. Yes, it looks 

— numerous classes of adult workers. Thus, in one sense, the like they’re jumping on the bandwagon. 
rru- springing up of these courses is “only a by-product” of the Whose bandwagon? Perhaps that of any politician shrewd 
Defense effort. In support of this view, there is the indis- enough to produce a shiny vehicle and label it “Officia 

putable fact that courses in gaging, and in various physical Car.” That’s usually the way it goes. 

tests, predominate. But there are signs that the movement will not get out 
This view is neither entirely false nor entirely true. of hand; for the hands being stretched out to grasp the 
107 That it is not entirely false is evident from the fact that, reins of its guidance are experienced hands. We refer, for 


example, to the Society for the Promotion of Engineering 
Education, which has just placed discussions of instrument 
courses on the schedule of two meeting this summer: at 
Ann Arbor and at Purdue. The S.P.E.E. is an authoritative 
body, charged with great responsibilities and hence some 

what conservative. That is all to the good! 


in 1915-17 there was a similar spurt in the training of 
testers and inspectors. Since it was not until 1924-1929 that 
Instrumentation began to be formulated as a distinct science 
108 or a distinct branch of engineering, what is happening now 
might be “simply history repeating itself.” 

But it is not entirely true: Courses during the First 
World War were derived from Metrology. Today’s courses 
are derived from Metrology cum Instrumentation. 


There is also under way a project to hold a “mixed” 
conference of engineering educators and of Instrumentation 
, minded industrial executives and engineers, later this sum 
117 Metrology might be called the science of measuring dead mer, which conference would be entirely devoted to the 
things like a gear pitch diameter, a thread angle, a grain sybject of Instrumentation courses in schools, colleges and 
size, a yield point, a scratch hardness, etc. Instrumentation yniversities. This is not a sudden bandwagon but a plan 
begins with measurements but it goes on to deal with eonceived several years ago. Analysis of the replies to the 
“living” things in industry—like furnaces and stills and first batch of invitations seems to show that in spite of 


121 vuleanizers and all kinds of active machinery and equip- pressure of work and numerous other engagements, com- 
ment. Instrumentation deals with their behavior. One of petent and enthusiastic representatives of education and 
its aims is to make them behave. industry will find time to prepare written contributions or 

“Hold on,” says the Engineer, “That’s the province of to come with the intention of presenting discussions. 
Engineering. It takes a chemical engineer to make a still In recent conversations with engineering professors who 
29 behave. It take a mechanical engineer to make a turbine’ are giving Instrumentation courses, we were asked to sum 


behave and an electrical engineer to make the driven gene- up “in a word” the difference between Instrumentation and 
rator behave. Only a radio engineer is capable of designing the use of instruments. The word “life’’ might do it, as 
and operating a broadcasting station is hinted a few paragraphs back on this page, or as appears 
when the study of automatic control is taken up (see pages 
123-126 in this issue). One criterion we suggested was that 
in an instrument laboratory (metrology sense) the students 
measure dimensions, properties of matter and even vari- 
ables, but in an Instrumentation laboratory they would 
study Automatic Control by working with “living” appa- 
ratus like the one suggested by Fig. 1 on page 124.—MFB 


Okay! We get the point. But there’s no argument: it’s all 
122 a question of horizontal and vertical fields. The manage- 
ment engineer, for example, serves all major occupational 
groups. Instrumentation likewise cuts across the boundaries. 
To a competent instrument engineer, holding the assigned 
frequency of a broadcasting station ‘“‘on the nose” and 
holding fractionating-tower temperatures and flows ‘on 
rt) the nose” are two similar problems in Automatic Control. as oe 
Their solutions are based on the same Instrumentation 


fundamentals as are solutions of problems involving the Meeting Notices 





rt) automatic control of pressure and pH and plasticity and American Society for Measurement and Control 
iickling and polymerization—and processing in general. The Annual Meeting of the Society will be held Monday evenings 
_ - May 26, 1941, at 7:45 p.m., in the Bureau of Mines Auditoriun 
Today’s courses are different! In the first place, even the 4600 Forbes St., Pittsburgh. (Ample parking space in rear 
courses in dimensional gaging which start with Metrology rey Sn Fag aces a igen harry hhigee ely no 
NY go on in some instances to deal with “live” automatic gaging 2" vaseline Ash ctboe pease eta i. ae hss — ds 
devices which are fruits of Instrumentation. In the second 
place there are new courses in the use of spectroscopes, Chicago Society for Measurement and Control 
x-ray machines and other modern instruments. In the third 2626 W. 31st Blvd., Chicago. (Phone Canal 4100) 
place there are courses in Measurement-and-Control, offi- _ Officers for 1941-42 are: Pres.: E. C. Rieger (Int'l Harvester) 
cially called courses in Instrumentation (see page 122). eal gat yey gg so Mina Mai 3 a oot 5 seen 
And in the fourth place, engineering educators as a profes- ies italien us . 
> sion are at last “recognizing” Instrumentation. Eastern Photoelasticity Conference 
We never doubted that this recognition would come. We The Thirteenth Semi-Annual Meeting will be held on June 12, 
predicted it ’way back in 1924 (when the word “Instru- Deen See eee prge tlig Beamer - 


e mentation” offended most professorial ears) because of the = ctitute of Technology. Address inquiries to W. M. Murray. Ro 
nspiration we received from a high-minded and far-seeing 1-321, M. I. T., Cambridge, Mass 
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Philadelphia 
Merc-to- Merc 
Thermo - Regulators 

Feature 


Mercury to Mercury 
Contacts : Increased 
Contact Capacity : 
Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation : 
Temperature Lag Re- 
duced : Temperature 
Ranges adjustable to 
700°F. 








Philadelphia Merc-to-Merc 
Temperature Controls and 
Mercury Plunger Relays 


® 
The Philadelphia Thermometer fo. 


915 Filbert Street -t- Philadelphia 
WRITE FOR CATALOGUE 
No. 104. 


Oldest Thermometer Manufacturer 


in Philadelphia 














R. S. DEAD WEIGHT 
GAUGE 





Designed for measuring gas pres- 
sures, and can be put on a line at 
any connection where an ordinary 
gauge is placed. This gives the ex- 
act pressure in a line by actual 


dead weight. 


For full description of new gas 
testing instruments and laboratory 
apparatus, write for catalog No. 


26-A, 


THE REFINERY SUPPLY CO. 


Manufacturers, Jobbers and Importers 
Laberatory and Power 
Plant Equipment 


Scientific 


621 E. Fourth St. 
Tulsa, Okla. 


1309 Capitol Ave. 


Houston, Texas 
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THE MONTHS NEW 
INSTRUMENTS 


In this department we strive to report each month ALL the new devices for measuremer 


inspection, testing, metering and automatic control. 


When writing to manufacturers directly, please mention this department as your source 


information. Or write to Information Section, Instruments Publishing Company. 





Resistance Standards 

Standard 
re calibrated resistances from 1 ohm to 10 
units and in 


New S00 Series’ Resistance 


megohms in single various 


combinations, designed for d-« 


They are 





electrical measurements and for a-c. meas 
urements at frequencies up to 20 kilocycles 
They are said to provide physicists, electri 
cal engineers, chemists, and others with de- 
pendable apparatus for electrical measure 
ments in research, engineering, teaching and 
testing Shallcross Ufa Co., 10 
ive., Collinadale, Pa 


Jackson 


General-purpose Tester 


New ‘“ Model 323 
is a pocket-size gen 
eral-purpose  a.c. - d.c, 
instrument for radio 
ind electrical measure 
ments Stainless steel 
panel and welded steel 


cast Fully insulated 
Dimensions 274” *5%4” 

17%”. Shipping wt. 2 
Ib Triumph Vanu- 


facturing Co., 4017 
W. Lake St 
Ill 





Cartridge Type Thermostat 
Newly announced “Pilotherm” contains a 
nap switch and box, pilot light and “Cat 
tridge Type thermostat ( 5.” 214” long) 
embled and wired ready for installatior 





l ro 1 wit > fit f asbestos-covered 

nickel-stranded wire between the cartridg: 

type thermostat and the switch box, 3 ft 
f nickel wire for onnection to the heater 


terminal ind a 6 ft. rubber cord set at the 
input end of the witch box. Designed for 
00 watts, 115-280 volts a. Available for 
iaximum operating temperatures of 300, 


150 and 700°F. For use on hot plates, hot 


tables, melting pots, molding presses and 
other electrically heated machines George 
Vlanet Co S Rast K ne St., Newarl 
\ J 


Photoelectric Lighting Relay 


New photoelectric relay for lighting 
power, designated “Sun-Switch,” 
trol in accordance with rise and fall 
natural illumination. User chooses the tv 
lighting levels at 
which he 
load switched on and 
off, and adjusts the 
calibrated dials to the 
foot- 
candle readings. Op- 
eration is entirely au- 


is for c 


Wishes the 


corresponding 


tomatic. Housing is 
weatherproof drawn 
metal, 10%,” D 34 ” 

3144”. Door gasket 
is cork, and finish of 


box, aluminum. Hasp 
permits padlocking. 
The control circuit 
uses a type 921 pho- 
totube (life expect- 
iuncy of 20,000 hours) 
ind two type 6J5 
tubes (5,000 hours). 
Operation is from 110 volts, 50- or 60-« 





1. United Cinephone Corp., Torring 


Conn. 


90 Adapter for Stem-type 
Temperature Controller 


Purpose of new “‘Klosefitting Heat Cont 
Actuating Elbow or Angle Fitting’ i: 
permit attaching a vertically-positioned J 
temperat 


a. 


mary-element issembly of i 
control instrument to 

i kettle, pot or other 

heating containet in 

such a way as to keep 

the tube of the instru 

ment as close to the 

side walls of the pot 

is possible iway from. the 

heat and out of the 
work at all times. New fitting 
(C) occupies minimal space, 


way of 


consists of a hollow casting 
containing a specially 
designed fulcrum device, one 
end in alignment with an 
opening in bottom of fitting 
ind the other part in algn 
ment with a side 

Into bottom outlet is 
the active or sensitive part of 

the controller tube (DE) and 

into the side opening the ex 

tension tube (B) whose other 

end is attached to the instrument } 

(A) Elbow fitting is iid to be 

fectly balanced that the slightest contract 
or expansion of the tube instantly actuat 
the lever in the ell fitting which in t 





opening 


screwed 


continues the proper expansion or conti 
tion movement to the upper or main worl 
ing control parts of the instrument.” N 


device makes it possible to locate the he 
assembly in any desired position around tl 
heating pot or vessel without taking up 
more than 1’ (from edge of pot 
uutside of tube). This fitting is made 
use only on maker's line of instrument 
Burling Instrument Co., 241 Springfield A 
Vewark, N J 


space 








th 


P% 











HICKOK 


ELECTRONIC BRIDGE 


(Patented Circuit) 


(fC TRO 


BRIDGE 





RADICAL BRIDGE DEVELOPMENT 


Featuring Electronic Cosine Galvanometer 
and Electrical Triangulation 


Measures Capacity, Power Factor, Phase Angle, 
Resistance, Inductance and Frequency. Indicates 
Synchronism. Null system employed to indicate 
bridge balance, same as in conventional D.C. 
bridge. Invaluable for use in schools, labora- 
tories, and inspection departments. 


Write for special four-page descriptive folder 
ADDRESS ALL INQUIRIES TO 


THE HicKOK ELECTRICAL INSTRUMENT CO. 
10514 DUPONT AVE, + CLEVELAND, OHIO, U.S.A. 





FLUCTUATING 


LINE VOLTAGE panaeonaee 


Whether it’s 1 VA for an instrument or 10 KVA 
for a Production line—here’s constant, stable 
voltage for you at all times, even though the 
line voltage varies as much as thirty percent. 
They are fully automatic and instantaneous in 
Operation—have no moving parts—require no 
naintenance—and are self-protecting against 
short circuit. 

You can build a SOLA CONSTANT VOLTAGE 
TRANSFORMER into your product, or incor- 
porate it in your production line or laboratory 
ind know that every test will be made under 
identical line conditions. 

Compact—economical. Standard designs are ayail- 
ible, or units can be built to your special 


specifications. Ask for Bulletin GCV-74 
SOLA ELECTRIC COMPANY 
2525 Clybourn Ave. Chicago, III. 


SOLA/: 


TRANSFORMERS 








Electric Counter 


There is announced “a new inexpensive 
electrical counter as a companion piece to 
line of Auteleo Jr. Relays New counter is 
known as the “Auteleo Jr. Counte ind is 





built for high speed a.c. or d.ec. operation 
It is of the non-reset type, counting up to 
99,999 and then repeating. Maximum oper 
iting voltage, 240 volts d.c. or 50-60 cycle 
uc. For a-c. operation, maximum speed is 
15 steps per second; for d-c. operation, 20 
steps per second futomatic HRlectric C 
West Van Buren St., Chicago, Ill 


Tension Dynamometers 


Two series of tension dynamometer ire 
innounced. ‘“‘Model A,” 5” dial diar and 
weighing 4% Ibs. is available in seven 
ranges lowest 0-2500 Ibs. in 50-lb. divisions 
ind highest 0-15,000 Ibs. in 125-lb. divisions 





Model B” is available in 0-500, 0-750 and 
0-1000-lb. ranges. It weighs 114 Ibs All 
sizes of each model are supplied with at- 
tachment shackles and carrying cases. All 
ire designed to withstand 100% overload 
or a full shock recoil through disengagement 
of mechanism. Several are special-purpose 
instruments, with special accessories. W. ¢ 


Dillon & Co., Inec., 5410 W. Harrison St., 


Chicago, Ill. 


Automatic Control for 


Sodium Lights 


Photoelectric control is embodied in each 
individual sodium luminaire of new system 
designed to minimize accident rate at under- 
passes, ete., where the “dangerous twi- 








light’ is the principal hazard. The electric 
eye and associated equipment to operate the 
lamp automatically from an ordinary 120- 
volt 60-cycle power supply are located in 
i compartment on the back, or pole side, of 
the luminaire. The control is preadjusted at 
the factory for “excellent sensitivity’’ and 
is compensated against flashes of light 
(lightning, for example) that might affect 
the operation.—General Electric Co., Sche- 


nectadu, V Rix 





Boiler Meters 
Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
erstandby costs, 
and add capac- 

They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 





Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 





illuminated counter which 
may be easily read at a 
distance of 50 feet. 


Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 


Coal Meter 


c omple te Information on any of the above Bailey 
products will be gladly furnished upon request. 
G-14 


BAILEY METER 


¢ COMPANY ° 





104] Ivanhoe Rd., Cleveland, Ohio 


BAILEY METER COMPANY LTD., MONTREAL 
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Midget Ratchet Relay 


New Type CX2600 Ratchet Relay is 
id to combine small physical size with 
dependable per- 
formance in open- 
ing and closing a 
eircult over i sin- 
gle line. It has two 
independent poles 
and, by factory 
adjustment of its 
cams, may be made 
single - pole double- 
break single-throw 
double- pole single- 
break single-throw 
or single-pole sin- 
gle-break double- 
throw. Units are 
available for both 
intermittent ind 
continuous duty. 
Base size is 3-13/16” 

2”, the relay be- 
ing designed for front-connected vertical 
ounting. Contact rating for non-inductive 
load is 110 volts, 6 amps., or 220 volts, 

imps 1.4 or 115 volts, 1 amp. d.e. 
Coils are available from 6 to 220 a-c. volts, 





it approximately 4 watts; or 2 to 230 d-c. 
ts, at approx. 2 watts. D-c. voltages 
bove 90 require 1 series resistor in the 
Struthers Dunn, Ine., 1335 


Philadelphia, Pa, 


oil circuit 


Cherry St., 


Hand Tachometers 


Four new models of centrifugal tachom- 
eters are announced, each a two-scale five- 
range instrument (range selection by rotat- 
iz barrel head). Open graduations are an 





nherent characteristic, resulting from each 
inge spanning only a 4:1 range, as well as 
from 20 to 33 overlaps. Extreme lim- 
ts, between low end of lowest range and 
upper end of highest range, for the four 
nlels ire i follows 
No l 2 3 { 
Lowest ,f { 60 120 
Highest 12.000 18,000 24,008 {S000 
Instruments are designed for right- or 
left-hand retation, are unaffected by mag- 
netic or electrical influences, moisture or 


temperature changes, Mechanism transmit- 
ting movement of centrifugal element to the 
dial contains miniature ball bearings. Ths 
vane for a periodic damping runs in copper 
beryl bearings. Numerous oil holes permit 
the lubrication of torsion mechanism and 
gearing. Bearings of transmission mechan- 
inism are factory oiled and do not require 
further attention. Each tachometer is indi 
vidually calibrated dnd checked up to maxi- 
mum speed, Seeing “Switzerland” on dial 
Instruments inquired as to replenishment of 
stocks in New York; answer was “by weekly 
sailings from Lisbon Coats Machine Tool 
Co., Inc., 110 W. 40th St., New York City 
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Amthor 





Operation Speed 
Recorder 


Built for severe service. Users 
report 10, 12 or more years of 
trouble-free life. Powerful cen- 
trifugal speed - measuring ele- 
ment stays calibrated. Non-spill 
reservoir pen. Special chart 
paper. Rugged clock movement. 
Ideal for analysis of new De- 
fense jobs. 


8’’ Chart 
12 or 24 hr 


Immediate and intelligent 
attention will be given to 
your inquiries on all indus- 
trial speed measurement 
problems. Drop us a line 
today. 


Amthor Testing Instrument Co., Inc. 


19a Van Sinderen Ave Brooklyn, N. Y 

















* 


Moisture 
Teller 





Rapid and accurate moisture test in per- 
centage by drying. Drying temperature 
controlled by thermostat. Ideal for plant 
moisture control or laboratory moisture 
determinations. 

Time required to dry the majority of 
materials is one minute. 

Suitable for granular—fibrous—crystaline 
materials in industries such as: 


Sand —Textile —Tobacco 
Ceramic—-Rubber—Food 
Wood—Mining—Leather 


Write for Literature 


Harry W. Dietert Go. 


9330-C Roselawn Avenue 
Detroit, Michigan 








Capacity Bridge 
New ‘‘Model 1640 Laboratory Condens 
Bridge” checks the capacity, at 60 ecycl 
of all condensers paper, electrolytic 
mica from 0.00025 to 250 microfarads. 





is said to permit making rapid but conc] 
sive tests for shorts, opens, leakage ar 
breakdown. Two 3” “Red Dot’ instrument 
are incorporated: one has a GOOD-BAD s¢ 
for leakage of electrolytics from 2 to 2 
mfd., based on 0.2 ma. per mfd. at rat 
voltage. Control permits other ratings 
well as direct readings in milliamps. F 
capacitor leakage measurements the volt 
meter and milliammeter are in the circuit 
at the same time. Direct current for checl 
ing leakages up to 600 volts variable. Teste 
operates from 110 volts, 60 cycles a.e. The 
Triplett Electrical Instrument Co., Blufftor 
Ohio. 


Galvanometer Reader Unit 


New “Galvanometer Reader Unit” project 
a moving galvanometer scale across a fixed 
index on a translucent screen, The image of 
the scale moves vertically, while the cross 





hair is located at a convenient height f¢ 
observation, so that the eye does not hat 
to follow a moving spot. It is said th 
readings can be made more conveniently ar 
rapidly and with considerably less fatigue 
particularly over a continuous set of meas 
urements, than with the normal method 
observation, (Illustration shows the new de 
vice with a Hilger Non-Recording Micr: 
photometer.) Unit comprises a fine-engrave 
transparent scale, illuminated by a lamp ar 
specially-computed condenser system, whi 
is reflected from the galvanometer mirr 
and then projected greatly magnified throug! 
1 lens, right-angle prism, and front-surfa¢ 
mirror onto the translucent screen bearing 
the cross-hair. The screen is so enclos¢ 
that it can be read in a well-lighted roor 
The galvanometer, of the taut-suspensio! 
type relatively insensitive to vibration, is 
supported on aé_=cushioned vibration-fre« 
mount. All parts are assembled on a 12” 
24” cast-iron base. The characteristics 
the galvanometer and projection system at 
such as to give a_ sensitivity of 0.000 
microampere per millimeter. The intern 
resistance is about 450 ohms and the ful 
period two seconds. Jarrell-Ash Co., 16 
Newbury St., Boston, Mass. 





Ns¢t 





Direct-set Ratio Controller 
New Direct-setting Ratio Controller is de- 
ribed as a highly adaptable, easily-con- 
ertible instrument for applications where 
temperature, pressure, rate of flow or 
quid level must be controlled in a desired 





itio or differential to another related vari- 
ible. With it, the ratio is changed by a sim- 
ple screwdriver adjustment directly on a cali- 
brated dial throughout the range of 0:1 to 

1, direct or inverse, It is unnecessary to 
listurb the processing or remove the chart 
plate while making ratio adjustments. Ratio 
Controller has two measuring systems: (1) 
the adjusting system, which indicates or 
records only; (2) the controlling system, 
which may either indicate or record. The 
adjusting system resets the control point of 
the controlling system through a linkage 
irrangement according to a predetermined 
ratio. The action of the controlling system 
is the same as that of maker's ‘120R Series 
Fulscopes’” and may be used as a single- 
duty bi-recording controller when the ratio 
setting is zero. Both indicating and record- 
ing models of the Ratio Controller are avail- 
able, with choice of: (1) Fixed High Sen- 
sitivity, (2) Adjustable Sensitivity, (3) Ad- 
justable Sensitivity with Automatic Reset, 
(4) Adjustable Sensitivity with Pre-Act, 
and (5) Adjustable Sensitivity with Auto- 
matic Reset and Pre-Act.—Taylor Instru- 
ment Companies, Rochester, N. Y. 


Magnetic Indicator Base 


New “Magnetic Indicator Base” for dial 
test indicators, employs a ring type perma- 
nent magnet and a center post as its mag- 
netic poles. Space between the poles is filled 





with cement and the entire base ground flat. 
New device simplifies the work and reduces 
the time required to set an indicator into 
position, is especially useful in difficult set- 
ips where special clamps or fixtures would 
be necessary. In case the work jams, the 
base will be pushed out of position before 
ruining the indicators. Device is secured in 
iny position by simply placing it against 
an iron or steel surface. It can be used on 
round columns by inserting two wedges, any 
craps of steel serving as wedges. Magnet 
is of Almico, a permanent-material which 
will support over fifty times its own weight, 
does not weaken over a period of years, and 
withstands shocks and vibrations. Mella- 
phone Corp., Rochester, N. Y. 


G-R-A-D-U-A-L CONTROL! 


JOHNSON’S SMOOTH-OPERATING 
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Johnson uses sapphire jewels in the 
bearings of thermostats and humid- 
ostats! Accurate performance de- 
pends upon smooth, easy movement 
of the levers in such instruments. 
Friction must be heldto a minimum. 
Consequently, Johnson’s strict 
standards demand hardened steel 
pivots, operating against precious 
stones. This means less friction than 
any other combination of bearing 
materials. Such care may seem like 
needless refinement. But Johnson is 


not satisfied merely to produce 





"BOR LONG-TIME PRECISION 


thermostats and humidostats that 
are just good enough to “get by.” 

The recognized Johnsonstandard 
of excellence is “precision instru- 
ments for precise control” of comfort 
air conditioning and industrial proc- 
essing. Here, again, is evidence of 
the extreme care and precision that 
characterizes the designand manufac- 
ture of Johnson’s modern apparatus. 
Send for bulletins which describe 
the smooth-operating jewelled 
movement instruments and other 


interesting Johnson equipment. 


JOHNSON CONTROL: The “‘BRAIN’’ of the Air Conditioning System 








* TEMPERATURE AND 
AIR CONDITIONING 


JOHNSON SERVICE COMPANY, MILWAUKEE, WIS. & BRANCHES IN PRINCIPAL CITIES 
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Rectifier for Production 
Testing 


Mode SI Rectifier has beer 
to | rent and tw 
na pha pov 

I nr t insforr cor 
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Pay # 





erts the 3-phase a.c. into 2-phase a.c, This 
ivailabl it either 110 volts or 220 volts 
from the proper connections on the terminal 
board, providing current for 2-phase motor 
peration. The 2-phase is rectified also into 
Le in a full-wave circuit using four 15- 
ump. tubes. This circuit arrangement is said 
to provide a maximum amount of d-c. power 
with a minimum number of tubes. D-c. out- 
put voltage may be adjusted up to 250 by 
turning the controls on the front panel. Di 
rect current up to 60 amps (18 hp. max.) 
iv be obtained for production testing or 
operating all types of d-c. equipment. It is 
laimed that high efficiency, excellent volt 
regulation, and long tube life are ob- 
tained by the use of mercury vapor tubs 
There are no moving parts. Unit is housed 
n a ventilated steel case, 12” « 18” Zi” 
Vellaphone Corporation, Rochester, N. } 


“T ive-bracket”’ and “Dead- 


bracket” Resistors 


I pecial ipplications, maker's wire 
ind vitreous-enameled resistor ire avail 
ble ir live bracket ind “dead bracket’ 


yy The former have flexible leads con 





nected to tin-plated brass brackets, are de 
gned for mounting and making electrical 
nnection b bolting the slotted bracket 
t panel t inals r} id bracket 
stors re mounted by bolting to the br 
et Kl { il nnect r ul nade sel 
ra ly t Leal gre listance { 
lug to 1} ket in be regulated by the us¢ 
f mik wasl b having the lug lo 
ited as far in as required, Both types ar 
suitable for signal ircuits, appliance con- 
trols, storage battery charging, switch 
boards, et The ure ivailable in a wick 
range of core siz with diameters fron 
9/16” to 2%” Ohmite Manufacturing Ce 
g Flour? St., Chicago, Ill 


’ 


INSTRUMENTS 
Page 112—Vol. 14 








Speed _— 
DIRECT READING 
INDICATORS 


Centrifugal Type 


Portable and Stationary 
Indicating Speed and Total Run. 
Flexible Shaft, Belt, or Electric 


Drives for Remote Indicating. 


Types Available for Every Industry 


Locomotives, Steam, Gas, 
and Electric. Baking Time for Ovens, 
Dryers, Etc. 
Centrifuges, Textile Machinery 
Marine, Fire Apparatus 


Automotive, General Machinery 


Submit Your Problems to Us 


JONES 
MOTROLA SALES CO. 


438 Fairfield Ave., Stamford, Conn. 














Case Makers 


FOR OVER FIFTY YEARS 











DRAWING INSTRUMENT CASE 


LEATHER COVERED AND 
HARDWOOD FINISHED 
CASES FOR PRECISION 
TOOLS, GAUGES, AND IN- 
STRUMENTS OF ALL KINDS. 


@ 
Prices furnished 
on request 


RUECKERT 


MANUFACTURING COMPANY 


69 SPRAGUE ST. 
PROVIDENCE, RHODE ISLAND 








Automatically-controlled 
Laboratory Water Still 


New “Triple-O” is a 


3-gal. capacity 


trically-heated water still of the gen 
type described in IJnstruments, Aug 19 
page 202; but with complete automatic 


trols which start and stop the still 





maintain a fixed level of water in a stor 
tank also, after each cycle, automatic 
flush out impurities from the boiling char 
ber. Design is such that formations of s 
may readily and thoroughly be cleanse 
Condenser tubes and other parts coming int 
contact with distillate are heavily tinne 
Heating element has built-in dual-purp: 
thermal safety switch and combined low 
water cut-off, is said to be practically in 
mune to burn-out under all conditions 
service, It is stated that this still will p 
duce distilled water of purity better tl 
U.S. Pharmacopeia specifications suitab 
for exacting research purposes; that ¢ 
of operation is only a few cents per gall 
of distillate and that particularly rugg: 
construction makes these stills practical 
fool-proof and immune to damage. Fr 
Stokes Machine Co., 5820 Tabor Road, P 
adelphia, Pa 


Bakelite Mica-dielectric 
Capacitors 


New “Type 7" is a molded Bakelite mic 
dielectric capacitor, similar to existing Ty} 
t but with wider spacing between the 

lated mounting holes to meet the 1 





standard. Standard units are available 
capacities beginning at 0.00005 mfd. and 
to 0.03 for those rated at 600 volts (4d 
working), 0.01 for the 1200-volt rating, ar 
2500-volt rating. Standa 
tolerance in capacity ratings is +> 10 
Insulation resistance is 20,000 megohms. O 
ich unit is clearly stamped the values 
capacity and voltages. Special features 1 
quired can be incorporated on special ord 
Capacitors can be supplied molded in low 
loss Bakelite (insulation resistance 40, 


0.003 for the 


megohms) with salt-water immersion s¢ 
rainst humidity or temperature aged 
multi-evele for stabilizing capacity over ex 
tremely wide temperature changes ( 40°C 
tn FOa°*C> > Cornell-Dubilic El ic CC 


South Plainfield, N. J 





Can-filling Machine “Tipper” 


Temperature Control 
\ temperature control system is an- 
inced for “tippers’’ on automatic can 
ling machines. These have heretofore been 
nually controlled, temperature being de- 


eS 


ig 
a a 








endent only on judgment of operator. They 
fed from reels of solder wire. New sys 
m has its primary element forming a part 
ff the tipper assembly. Thermocouple rec 
mmended is an I-C pencil type, %” O.D., 
extending through tipper shaft so that its 
easuring junction almost touches cente1 
soldering head. Tipper fuel being gas, 
ontrol is obtained by a by-passed solenoid 
ilve commanded by the pyrometer control 
er, Initial adjustment of by-pass is made 
inually. Entire system is available as a 
illivoltmeter type or as a_ potentiometer 
type, calibrated for I-C couple, range 
0-1000°F, The Brown Instrument Co., 4482 
Wayne Ave., Philadelphia, Pa. 


Recording Potentiometer 


for Glass Lehrs 


\nnouncement is made of a_ specially- 
leveloped Multi-Record Potentiometer for 
Glass Lehr Temperatures and Speed. Rec- 
rds of the glass lehr belt speed and_ the 








A LARGE OIL REFINERY ASKS 
FOR ANOTHER PORTABLE 
PYROMETER 


fora range of —200°C. to +-40°C. cali- 








brated for copper constantan thermo- 
couples, a duplicate of an instrument 


previously furnished. 


Our files show many duplicate orders 
for PYROMETERS in ranges up to 
3000°F. from. satisfied customers. 
Ruggedness in construction, accur- 
acy of indication, and long life give 
results that mean repeat orders. Our 


instruments will satisfy you too. 


CHARLES ENGELHARD, INC. 


90 CHESTNUT ST., NEWARK, N. J. 
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temperatures of the lehr heating zones are 
smbined on one chart. Instrument can be 
furnished with one speed record and one, 
two, three or five temperature records. Con- 


trasting colors of the different record lines 


lake it easy to distinguish the various 
hermocouples and the lehr speed record. A 
ontinuous record of the glass annealing 
rocess is furnished, and it is said that 
rrect lehr conditions can be maintained 
t all times, eliminating spoiled ware and 
issuring increased ‘“pack.”’ Standard range 
s 0-1600°F.; standard calibration is for 
I-C. couple; standard speed record range 
'-16 f.p.m.—The Brown Instrument Co., 
Wayne & Roberts Avenues, Philadelphia, Pa. 





MERCURY DIAL 
THERMOMETERS 


1—VERY SENSITIVE 
2—EXTREMELY ACCURATE 
3—STURDY BUILT 
4—EASY TO READ 

5—ALL RANGES 








Palmer Dial Thermometer Installations have proven to be very 
satisfactory because of their accuracy and sturdy construction. 
Stainless-steel flexible tubing connection and bulb are standard 
without extra charge. Furnished with plain bulb, union connec- 
tion, separable-socket and flange connection. Ranges: —40 

1000° F. (or 550° C.). Built by craftsmen who know how to 


make good thermometers. (Write for Bulletin No. 1500.) 


THE PALMER CO. Mfgrs. 


THERMOMETER: Recording, Industrial, Laboratory and Dial 


2511 NORWOOD AVE., CINCINNATI, NORWOOD, OHIO 
Canadian Plant: King & George Sts., Toronto 
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- ° corrosion. Camera proper consists of 
Solenoid Starter evacuated brass tube about 3% ft. 1] 


: : ee ee ee F A L S T RP Oo M ind a focusing magnet. A 10,000-volt a 


’ ys tronic beam enters one end of the tube, 

ter with the s lenoid witch structure, focused by means of the magnet upon 
v “Size 4, Bulletin 709" solens Nd starter material suspended in the middle of t 
x. hp. rating of 50 hp., 220 volt tube, diffracts, and produces a picture up 


1 lantern slide at other end of tube. Spe 
men is suspended in such a way that 
can be raised or lowered or tilted at 
angle to the beam. Electron beam is refi 
ed by, or transmitted through, the mate) 
ind a diffraction pattern produced wy 
the lantern slide. From spacing and inter 
sity of circles, or spots, of pattern, it 
possible to determine the crystalline str 


ture. Example, layers of atoms in tal 
ilt are spaced one microineh apart, 

1. typk il electronic picture shows a Gir 
1” in diameter. General Electric ¢ 





chenectady, N. Y. 


& T E E a Valve Positioner 


New valve positioner for diaphrag 


valves provides for the optional use of 
by-pass valve which is made as an int 


changeable part of the unit. Emphasis |} 





FALSTROM Precisioned Steel Panels 


hp., 440-550-600 volts. Double- 4 , “ 
are specified by engineers for their 


break, cadmium silver contacts are totally 


encased in an are hood, each pole of the Strong Construction . . . Adaptability 
switch having its individual are chamber. ... Fine Appearance... for use in— 
Hence, these starters can be closely grouped 

without danger of flash-over between POWER PLANTS 

switches, Because ol sole noid de sign, size OIL REFINERIES 

has been greatly reduced compared with PUBLIC UTILITIES 

that of the clapper-type starter which is PROCESS INDUSTRIES 
replaced Arc-interrupting capacity is high COMMUNICATIONS 


urrents of at least ten times the maximum 
horsepower rating are easily interrupted 
it is said. Switch has only one moving part. 


Self-insulated metal base plate may be 
mounted on any metal surface without ex- iS ROM 
tra insulation illen-Bradley Co., 1311 8. I 


iret &t., sitownies, Wie COMPANY of PASSAIC IN 


Send blueprints, Write for bulletin P-107 








Electronic Vacuum Camera 


An electronic vacuum camera that photo- 


graphs the crystalline structure of sub- a FOR AIRCRAFT 


tances millionths of an inch thick is being 
ised to study deposits on the surfaces of TEST WORK 


Trimount Well Type Manometers have 
been accepted because of their wide 
range and flexibility in perform- 
ing all tests which require great 
accuracy, for testing aircraft 
equipment. - - Send us your in- 
quiry for manometers and cata- 
log B-2. 


Be FEATURES 


@ Wide, easily visible 








been made, it is 
said, to provide a 
sturdy construction 
similar to that of 
the valve with 
which it is used, to 
meet actual operat 
ing requirements. 
Heavy calibrated 
loading spring, in 
addition to operat- 


; etched aluminum scales— ing the pilot. bel 
External zero adjustment —— . 
screw lows, always acts 


in the same direc- 
tion to take up any 
back-lash in the 
lever connections 
Adjustments for 
1 


@ Heavy wall Pyrex tubes 

—annealed after forming 
—ends flame 
rounded. 


etals, e.g., tarnish, polish, lubr‘cants such 
is grease and oil and the first stages of a @ Available for 


panel, bench or 





valve strokes of 
to 2144” and fer set 





wall mounting. ‘ 
ting zero, are acces 
@ Glass protec- sible, may be made 
; tion covers on without interrupting the controlled process 
, all models. By turning the by-pass from “Positioner 
’ to “Instrument” the positioner may be 
, completely removed without upsetting the 


service, Design is such that a linear rela 
tionship always exists between instrument 
iir pressure ind actual motion of valve 
Bellows and_ stainless steel pilot are 

self-contained unit no levers to introduce 























« friction and cause hysteresis errors. It 
said that tests have shown a sensitivity 
of 0.2 for full-scale instrument pressur¢ 

J _— = 3 change. Speed of operation has been found 


to be ipproximately 11 seconds for full 


TRIMOUNT INSTRUMENT co. travel on an average 1” stroke valve, Ail 


37 W. VAN BUREN ST. CHICAGO, ILL consumption is less than one cubic foot ¢ 
; , . ; free air per minute at mid-stroke, and zer 


at either end of the valve travel since the 
pilot is closed at both limits.—Moore Prod 


TRIMOUNT MANOMETERS ucts Co., 3629 N. Lawrence St., Philadel 


phia, Pa. 











COMMON SALT GOLD 
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“PORTABLE 


WHEATSTONE BRIDGE 





\ high grade instrument for measuring 
sistances from a fraction of an ohm 
10 megohms. Contains a 4-dial rheo- 
tat, ratio dial, galvanometer and bat- 
tery, all enclosed in a substantial wal- 
nut case. Nine coils per dial. Accuracy 
1%. Built to endure. 


Cat. No. 1050—Portable Wheatstone Bridge 
with Murray and Varley Loops. ..$110.00 


Cat. No. 1052—Portable Wheatstone Bridge 
without Murray and Varley Loops.$90.00 


Send for Bulletin No. 105 


RUBICON COMPANY 


Electrical Instrument Makers 


Ridge Ave. at 35th St. Philadelphia, Pa. 








Time Saving 
Performance 
with 


HEWLETT-PACKARD 


Laboratory Instruments 











Model 205A 


Audio Signal Generator 


\ known voltage and a known frequency is sup- 
ied at the commonly used impedence levels. 
Frequency stability, low waveform distortion, 
mplete output metering and attenuator system 
is many other outstanding features make this 
strument an excellent source of audio frequency 
any job in the laboratory or field. Write 
day for information about this and other su- 
© laboratory instruments. You are not obli- 
ed in any way. 


W rite for FREE literature 


EWLETT-PACKARD CO. 


Laboratory Instruments 
1 Page Mill Road « Palo Alto, California 





Tramp Iron Finder 


New device finds and locates tramp iron 
in such products as chicle, rubber, fiber, 
plastics, gums, ete., which cannot be cleaned 
with magnetic pulleys or separators, It is 





said to combine rugged construction wit} 
high sensitivity and stability ; and to require 
negligible maintenance. Standard model, il- 
lustrated, is designed to enclose a conveyor 
belt carrying the product to be inspected 
Standard opening is 18” wide by high, 
and finder is designed for conveyor speeds 
between 20 and 100 ft./min. (other openings 
and speeds available). Iron pieces the size 
of cigar box brads are easily detected. 
Finder output is fed to a power relay which 
may be used to stop conveyor, to flash a 
light or sound an alarm. Piece containing 
tramp iron may be marked automatically 
if desired. In addition to the inspection of 
rubber, plastics, ete., device is also effec- 
tive for finding ferrite inclusions in stainless 
steel strip, and as a concealed weapon de- 
tector. Andrews & Perillo Inc., 39-80 Cres- 
cent St., Long Island City, N. Y. 


Densitometer-photometer 


for Spectrograph Plates 


A rapid and precise means of studying 
spectrographie plates is provided by a new 
photometer said to be particularly useful in 
the control of the manufacture of alloys for 





turbines and generators, and all kinds of 


castings. Instrument enlarges the spectral 
lines approximately 20 times and provides 
a means of determining their intensities by 
measuring the light passing through then 
to a photocell. From these data, concentra- 


tion of constituents of an alloy is deter- 
mined. Optical parts remain fixed after 
final adjustment and require no additional 
movement for focus. Focusing of spectral 
lines upon the screen is accomplished by 
moving the spectrographic plate with re- 
spect to the condenser and objective. The 
plate is mounted horizontally and all light- 
control devices and scales are immediately 
in front of operator: location of mechanical 
stage, screen and galvanometer scale en- 
ables operator to see and make all adjust- 
ments from a single position. Equipment is 
arranged to operate on a six-volt supply of 
either direct or regulated alternating cur- 
rent.—General Electric Co., Schenectady, N.Y. 


PREVENT 
Combustion 
Explosions 











with Wheelco Flame-otrols 


Instantaneous Operation 
Continuous Supervision 
Protection During Ignition 
Suitable for All Fuels 
Protection Against Self Failure 
Fully Automatic 


Write for free Bulletin L2—Today! 


heeles Insthuments Cs. 


1929-38 S. WALSTEO STREET ° ° CHICAGO. ILLINOIS 





SPEED UP 


TEMPERATURE 
MEASUREMENTS 


@ Read thermocouple temperatures from 
200 to +3000°F. with potentiometer 

accuracy, BUT WITH LITTLE OR NO 

BALANCING—continuously, instantly. 





Portable—Mirror Scales 


Save engineering and supervisory time, FOL- 
LOW temperature changes, enjoy greater con- 
venience. No wonder this instrument is specified 
for automotive, appliance, aircraft, laboratory, 
metallurgical, process, and many other applica- 
tions. Write for Bulletin 540-70-PO 

Your inquiries on prompt delivery of indicat 
ing pyrometers (including reasonably-priced 3 
COMPENSATED type), thermocouples, and se- 
lector switches are welcomed 


)-B-T INSTRUMENTS, INC. 


441-H CHAPEL ST. NEW HAVEN, CONN., U.S.A. 
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Photoelectrically-actuated 


POWERSTAT mn 
\ photocell and a beam projector ars 


THE QUALITY VARIABLE tect counting unt whieh maybe a 
TRANSFORMER FOR CONTROL 
OF A.C. POWER 


SEND FOR NEW 12-PAGE BULLETIN 149 





® SMOOTH CONTROL — output voltages can be 


adjusted to within fractions of a volt of desired values. 


e HIGH EFFICIENCY — a 7.5 KVA unit has a no- 


load loss of only 10 watts. 


® CONSERVATIVE RATING — POWERSTAT transformers 
ire rated at 50 degrees Centigrade temperature rise at continuous 
maximum full load rated current. 


® GLASS-FORMVAR INSULATED WIRE 
© EXCELLENT REGULATION 
®e LOW COST PER KVA be difficult or impossible to secure it 
chanically. Counte need not be ins le 
Standard POWERSTATS are available to operate on single or the ~ a , ay . 'p te 9 katie 
three phase for 115, 230 or 440 volt circuits. Full voltage rang aS wae + COREG. 2 POCMCLMIOUGE Ea) 
types are available in capacities up to 25 KV A. Line voltage cor- placed in an office; or, two counters op: 
rection types are available in capacities up to 75 KI ites 5 single photoelectric control 1 
Used by leaders in the manufacturing and communications e used ne at the point of applicatior 
industries, and in the Government services. other in an office. Counter has a guaranté 
; : speed of 500 counts per minute, and is avai 
POWERSTAT TYPE 1126 (illustrated) Single Phase—2 KVA ible in 5 or 6-figures capacity. The illust: 
Input: 115 volts, 50/60 cycles. Output: 0 to 135 volts tion shows the application of maker’s phot 
TYPE 1126 Price: $34.00 electric equipment on a conveyor, Set 


composed of three units magnetic counte) 

photoelectric relay beam projector or light 
SUPERIOR ELECTRIC co. source. It operates from a lighting circuit 
of 110, 6, or 220 volts, 60 eveles, ax Du 


131 HARRISON ST. BRISTOL, CONN. rant Mfg. Co., 1914 N. Buffum St., Milwau 
kee, Wis 
SARE 9 OS LS LEER AE IEE 8 8 AE AT ANI TRE 2 EES EE 


BAUSCH & LOMB i Pocket Size Appliance Tester 
* New “Model 417” appliance tester lact 
SPECIAL OPTICAL PARTS § the usual connection terminals: User plug 
it into the line and plugs the appliance int 
If your research requires special made to Bausch & Lomb high ~ ; a receptacle on the face of the tester, Tw 
optical parts for experimental in- standards of accuracy. Operating 
struments, the Bausch & Lomb its own glass plant, Bausch & 
booklet, “Lenses, Prisms, Mir- Lomb exercises complete control 
rors,”” will furnish you with in- from raw material to finished 
valuable data on all available product. 
types of optical parts. Listed 
therein are numerous items of A copy of the booklet will be 
giass, calcite and quartz with sent free on request. Write to 
their focal lengths, dimensions, Bausch & Lomb Optical Co., 615 
tolerances anc yrices All are St ¢: St »chester, N. é vd RADIO CTY 0 
a nd pric Al ar Paul , Rochester, N. Y 4 O CITY, PrcOUCTS hes 


BAUSCH & LOMB 
OPTICAL COMPANY 
Ps 


FOR YOUR EYES, INSIST ON BAUSCH & LOMB EYEWEAR, MADE FROM BAUSCH 
& LOMB GLA TO BAUSCH & LOMB HIGH STANDARDS OF PRECISION 
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50 SIMPLE! 


press a button... and 

Insulation Testing is 

s that! Readings in Meg- 

is with a constant potential 

“(Higher voltage if needed.) 

power unit eliminates all hand 

nking. Compact, portable, and easy to 
use in cramped quarters. 

AND IN ADDITION .. . this versatile 

Vibrotest offers the exclusive feature of 

accurate readings of BOTH A.C. and D.C. 

voltages. For complete description and 

prices — 


Write for Bulletin No. 201-A 


2-position toggle switches and a 3-positl 
rotary switch then permit selection of tl 
type of measurement and range desiré 
Eighteen measurement ranges, Curves al 


The VIBROTES T Madubitemneveri GMO Sossokle ssc" timers hie ote 


and power factor. Tester permits also mal 
TODAY’S MODERN INSTRUMENT " " ing power measurements of motors up t 
MFRS. KEELER POLYGRAPH—THE “LIE DETECTOR several horsepower. Overall dimensions 5% 
FOR INSULATION TESTING eury on > , Don te O 
431 SOUTH DEARBORN STREET + CHICAGO X 3%" X 2”.—Radio City Products Co., 
! Park Pl., New York City. 
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PICTORIAL FEATURE 


Instrumentation 


AT THE 


Nuttall G EA R Works 


of Westinghouse Electric & 
Mfg. Co., Pittsburgh, Pa. 


REQUENTLY eclipsed by spectacular power or process 
_ control panels, the form of instrumentation known as 
Shop Measurements is coming into its own as it answers the 
cry for “Speed, Speed and more Speed.” Here in Pittsburgh 
is a good example at the Nuttall Gear Works: instruments 
ranging from simple gages to control systems; and uses 
ranging from intermittent single measurements to continu- 
ous autographic tests and automatic control. 


Top—Lots of instruments in this aisle ... but they only 


show in close-ups. 


Left—Measuring normal pitch to 0.00005” at any angle 
between base and tip. 


Right (upper) “Miking the teeth’? while hobbing a loco 
motive drive gear. 


Right (lower)—Snap gage check of work on a grinder. All 


snap gages are set and sealed in the tool room. 
Bottom—tTesting two speed reducers simultaneously, for 
noise level, temperature, efficiency and lubrication. 











Top (left and right)—Ammeters provide a constant check 


the power consumption of machine tools and hence on the efi 
ciency of the operation, particularly on the condition of 1 
work-tool, whether it be an abrasive wheel in a grinder (left 
or a cutting tool in a lathe (right). And that’s only the begi: 
ning of the story disclosed by ammeters. 


Upper left—All new hobs are checked in this special machin 
for gash-to-gash spacing, lead, profile, and eccentricity of cut 
ting edges, etc. The “‘machines”’ such as the one shown, rea 
are “instruments,” as are the sensitive gages. 


Lower left—After hobs have been checked for tolerances, ea¢ 
of them is checked for location in the hobbing machine. The d: 
cate adjustments require a high grade of skill, but a spec 
pair of dial indicators aids the machinist. 


Bottom right—This dial indicator installed on a grinder 
arranged to swing over the work at the operator’s will—therel 
serving as a height gage to indicate the amount of stock r 
moved. 
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Top (left and right)—These two photographs bring out the 
ymbination of human skill and instrumental aids which make 
nodern heat treating an art and a science. Split-second timing 
n multiple-quenching, calls for human skill, but complete auto- 
matic control of carburizing and tempering furnaces assures 
carrying out the metallurgists’ specifications for temperature- 
me cycles. 


Right — Push-button remote-control and automatic limit 
witches, etc., are the trend in the instrumentation of machine 
tools—especially the giants that are required for making such 
gears as this one, a 102” double helical marine gear for the 
iggest twin-engine Diesel drive ever built in this country. 


Bottom left—An uncommon use for gage blocks is the exact 
control of center-to-center distance on this machine, where 
gears are run in at full speed. Dress 

Bottom right—The new final-finishing operation known as 
“shaving” follows hobbing. The machine operator “mikes” for 
proper tooth depth and face width, after which the machine A\ Te 
operates automatically. A 
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Top—Full-load test wherein the gearmoti 
under test drives a high-speed generator throug 
another gearmotor used as a speed increass 
(Not shown is the array of electrical insti 
ments. ) 


Left—This 


“machine-instrument” checks fir 


ished pinions for tooth spacing and tooth pr 


file. One of three fingers abuts a given toot] 
the second (spring-actuated) provides constant 
pressure; the third actuates the dial 


indicator 
Sine bar setting is checked by 


gage block 
Tooth profile tolerance is 0.0002”. 

Bottom This other ‘“‘machine-instrument’ 
meshes the gear under test with a “‘master” an 
produces a chart record of its profile, conce1 
tricity and tooth spacing. ‘ 


‘Bumps” thus locate 
are then eliminated. 





Integrator for Circular Ordinates 


By WALDO H. KLIEVER 


Associate Engineer Physicist with U. S. Cotton Ginning Laboratory, Leland, Miss. 


HIS integrator was designed and built at the United 
States Cotton Ginning and Packaging Laboratories for 
integrating curves from a recording wattmeter to find 
tal power used in experimental ginning and pressing op- 
ations. The wattmeter pen moves across the chart in the 
ec of a circle with center at the axis of the “movement.” 
No instrument was found on the market suitable for inte- 
rating this type of record, and since there are many record- 
ge wattmeters and other types of recording instruments in 
use with pens moving in circles, it is believed that this 
lescription will be of interest. 
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Fig. 1. Top view of integrator showing part of table and guide, and type 
of chart for which it was designed. (Public patent applied for.) 


PRINCIPLE 

It is obvious that an instrument measuring area under 
the curve does not give the desired result. If the rotation 
of the measuring element, i.e., the angle @ that the pen arm 
makes with its zero position, is proportional to watts or 
other magnitude recorded, then the integrator should give 
the value of {6 dx where dx is the distance along the time 
axis of the chart. The usual type of integrator gives J ydx 

area under the curve, where y is the distance straight 
across the chart. The problem of designing a suitable instru- 
ment using an integrating wheel is thus one of converting 
8 into y, or into sin ¢ where ¢ is the angle which the axis 
of the integrating wheel makes with its zero position or 
position of no rotation. 

Such an integrator is illustrated in Fig. 1 and the prin- 
ciple of operation can be seen from the diagram, Fig. 2. Let 
a tracer arm have a length R equal to that of the pen-arm 
of the instrument which recorded the curve to be integrated. 
Let it be pivoted about a point O which moves along the 
chart parallel to the time axis in the same relative position 
is the pen-arm axis originally had (usually the center of 
the chart). Then, if the zero of the chart is taken to corre- 
spond to the position of zero angle of the tracer arm, its 
ingle for any point on the curve will be the same as origi- 


*The engineering physics phases of this work are part of a pro- 
‘ram of the Bankhead-Jones Research in Cotton Packaging under 
he leadership of Charles A. Bennett, Senior Mechanical Engineer, 


Bureau of 
Depart- 


Processing of Farm Products, 
and Engineering, United States 


ivision of Mechanical 
gricultural Chemistry 
ent of Agriculture. 


nally assumed by the recording pen arm, and this is con 
sidered as proportional to watts or other measurable. 

Now let a wheel of radius 7 turn with the tracer arm 
about O and let a connecting rod slide perpendicular to the 
time axis tangentially against the periphery of the wheel, 
without slippage, i.e.—a friction drive between ring O’ and 
rod V. Let an integrating wheel be mounted on and with 
axis parallel to, an arm of length a pivoted at P, and let 
P and O be fixed on a carriage which moves parallel to the 
time axis. The other end of arm a is on a slide moving witl 


Pp”) 





> 


Fig. 2. Diagram of Integrator for Circular Ordinates 


l 


the connecting rod, perpendicular to it, and so placed that 
when @ 0 the axis of the integrating wheel arm is par- 
allel to the time axis. Let y be the displacement of the con 
necting rod from this position, and ¢ be the angle which the 
arm a makes with its zero position. Then it will be noted 
that —- 

Sin ¢= y/a O/a 
where @ is measured in radians. The reading of the inte 
grating wheel is proportional to sin ¢, and therefore to @, and 
to the distance traveled along time axis. By suitable adjust 
ment of geometrical. proportions as described below, the in 
tegrating wheel is easily made to read | 4 dr directly. 

DESCRIPTION 

This integrator incorporates a standard polar planimete) 
mounted with its polar arm fixed on a carriage. The carriage 
has a frame bent of 16-gage sheet metal and has two wheels 
of 1” diameter, with ball pivots and 60° V-grooves which 
guide it on a %8” carefully straightened drill rod securely 
attached to a 14” X 36” table parallel to its long dimension. 
The charts are held on the table with the time axis parallel 
to the guide. A small rounded roller carries the opposite side 
of the carriage. 

On the carriage is mounted a bearing about which rotate 
together a tracer arm for the curve and a wheel or drum 
with cylindrical periphery. A sliding connecting rod with 

Continued on Page 128 
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A corner of the new Industrial Instrumentation Laboratory, showing equipment ready for the study of fluid metering. (Editor’s Note—Our front-c 


photo shows this same corner, with instructors and students at work.) 


The Industrial Instrumentation Course at Case 


By C. O. MILLER 


Assistant Professor of Chemical Engineering, Case School of Applied Science, Cleveland, Ohio 


ITH the Instrumentation course approximately two- 
thirds completed, the Department of Chemical Engi- 
neering at Case is truly gratified by the reception 
given both lectures and laboratory. To date (mid-April) the 
lectures have been concerned with such topics as the Prin- 
ciples of Automatic Control, Fundamentals of Electric and 





For the initial announcement and program of this course, 
see Instruments, Dec. 1940, page 396; for a brief pre- 
liminary report, see Instruments, Feb. 1941, page 42. 











Pneumatic Control, Fluid Flow, Valve Sizing, Hydrogen 
Ion Measurement and Automatic Gas Analysis. Lectures 
are now in progress dealing with instrumentation as applied 
to specific industries. Included in this group are the petro- 
leum, metallurgical, chemical, and rubber industries as well 
as steam generating plants installations. The final phase of 
the work will be concerned with such special topics as com- 
bustion control, telemetering, cycle control and piezoelectric 
crystals. 

Thanks to the excellent work of Mr. W. E. Sachse of the 
Standard Oil Co. of Ohio and Mr. S. J. Friedman of Case, 
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the laboratory part of the course has been kept both pra 
tical and instructive. Starting with pressure indicators and 
thermometers, we have considered, in order, the topics of 
Fluid Metering, Pneumatic Control Systems, Electric Con 
trol Systems, Fundamentals of Electricity, Thermocouples, 
Millivoltmeters and Potentiometers. The program for the 
remainder of the course includes the study of Resistance 
Thermometers, Optical and Radiation Pyrometers, Aut 
matic Gas Analysis, Humidity and Space Heat Regulation, 
and Hydrogen Ion Measurement and Control. 

The success in this undertaking is in no small measur 
due to the splendid cooperation given by the instrument 
manufacturing companies. Without their aid, the task would 
have indeed been difficult. 

Inasmuch as it has been impossible to accommodate all of 
the class in the laboratory, this part of the course will be 
repeated during the months of June and July this summer, 
under the auspices of the Engineering Defense Training 
Program. 

Having already provided a foundation, the Department 
of Chemical Engineering is looking forward to the estal 
lishment of a permanent instrumentation laboratory at 
Case. 












LEFT—Checking the temperature control system on a high-pressure gas research set-up (compressor in background). RIGHT—Calibrating a recordin 
potentiometer at various points throughout its entire range. 


































Time: Automatic Control’s Friend and Foe 


By M. F. BEHAR 


1. Lags are Snags; Delays are Devils 
the preceding chapter* there were brought out a few 
ns why perfect control is unattainable; the ultimate 
tivity of the primary element, the sensitiveness of the 
‘ument part” of a system, the further widening of the 
) due to each part of the power unit and controlled valve, 
etc. We have seen that every stage from the primary ele- 
ment to the controlled valve may introduce a widening of 
the “overall sensitiveness” or “dead zone” or “normality.” 
es this mean that a simple self-operating controller is 
necessarily more sensitive than a multi-stage system, mere- 
ly because it is simpler? Theoretically, yes; but in actual 
as a general rule—NO! (We must say “as a gen- 








yractice 
- rule” because of the enormous variety of the applica- 
tions of automatic control. There are cases where only one 
particular type of primary element is dictated and where 
this type is capable of operating the particular valve re- 
quired, so that it would only complicate matters to have it 
actuate a relay.) 

One reason why perfect control is unattainable, then, is 
that the primary element of an actual controller cannot 
measure a variable with ideal accuracy. The “point” is the 
ideal, the “zone” is the actuality. Another reason—the one 
we are to deal with now—is that the “instant” is the ideal 
and the “interval” or “period’” is the actuality. There is no 
such thing as a controller which instantaneously detects and 
measures a deviation from a setting “point” or a departure 
from a definite zone of normality. 

Time factors create a fundamental difference between 
measurement and automatic control. Or, to put it more pre- 
cisely, a difference between indicating and recording, and 
another difference between any purely measuring function 
and automatic control. Let us look into these time-factor 
differences. 

For indicating, we usually have “all the time in the 
world.” We naturally want to perform each measurement 
quickly because the company’s time is money, but as a rule 
it is only when we measure variables that a delay or a lag 
impairs the validity of our measurements; and—also as a 
rule—we deliberately introduce damping in order to prevent 
the pointer of a sensitive indicator from oscillating so much 
after every rapid change that we can’t read it. 

In recording, of course, time is one of the coordinates 
wherever we use clock-driven charts. In addition to this ob- 
vious essentiality, time enters the picture in a more insid- 
ious way: delays and lags are decidedly undesirable if they 
are of the same order as the variations to be studied. A 
measuring and writing mechanism with a fixed period of 
one minute (example, intermittent action) cannot faithfully 
record fluctuations of the order of seconds. Neither can a 
system with a lag coefficient of one minute (example, extra- 
thick refractory tube around thermocouple). Fortunately, 
this relation between the order of the variations or fluctua- 
tions to be recorded and the order of the instrumental pe- 
riod or lag is so well known that it is kept in mind when we 
specify recorders. None of us has ever thought of using an 
ink-writing recorder instead of an oscillograph for record- 
ing microsecond transients! On the other hand, as in the 
use of indicators, we want the kind of instrumental lag 
called damping when we want to obtain a true record of the 
average, or r.m.s., or other such value rather than an oscil- 
logram of all the successive pulses. Here, as with a damped 
indicator, time is the friend, rather than the foe, of reliable 
measurements. 

In automatic control, time factors usually are foes, seldom 
are they friends. In order to eliminate a source of con- 
Tusion, let it be said that the obviously desirable kind of in- 
strumental lag known as measuring-element damping will 
not be considered. We purposely referred to it in the two 


S was published as a self-contained article: “Some ABC's of 
itic Temperature Control,” Instruments, Vol. 13, Dec. 1940, 
397-402. 


preceding paragraphs in order to be able to dismiss it now. 
Throughout the remainder of this chapter it will be assumed 
that the measuring element responds to variations but not 
to “extremely rapid” alternations or pulsations. A familiar 
example is the ordinary a-c. element as distinguished from 
the oscillograph; another example is the “snubbed” pressure 
gage as distinguished from the engine indicator. 

When you drive a car you are an automatic direction con- 
troller and an automatic speed controller. With regard to 
direction, it is obvious that if it takes half a second for 





YOU ASKED FOR IT! 

This is another fragmentary foretaste of the forthcoming revised 
edition of ‘‘Temperature Measurement and Control.’ It is, how- 
ever, a self-contained article which does not require reference to 
other parts of the book. It includes elementary and advancd mat- 
ter—in compliance with requests from  widely-different sources: 
from users of instruments (who must be served first), from men in 
charge of training courses and from engineering professors. Although 
it is mostly my 1929-31 stuff, it includes also extracts from lectures 
I am giving this year. It will not appear in this repetitious form 
in the new edition of ‘‘T.M.&C.’’ so use whatever portions you 


need.—MFB 











what your eyes see to register in your brain cells, and an- 
other half-second for the decision, and a third half-second 
for your arms to start turning the wheel, you will get into 
plenty of accidents when driving along street-car tracks or 
over any road roughness which tends to throw the car off 
the course which you intended. Moral: Even a driver who 
is capable of absolute accuracy of direction cannot hold his 
course accurately if there are any delays or lags in his 
nervous and muscular systems. 

When you try to maintain an even speed while driving at 
night, up-grades and down-grades make this difficult be- 
cause you seldom can see them until they have made the car 
go slower or faster. In this case, likewise, if you are slow 
to feel the decelerations and accelerations, or if you do not 
frequently glance at tne speedometer and rely entirely upon 
your imperfect speed sense, you will not succeed in main- 
taining uniform speed. 

In the first case, it may be assumed that the car responds 
instantaneously to the wheel. This analogy is applicable, 
therefore, to automatic control of voltage, illumination, etc. 

In the second case we have not merely an analogy but an 
identity, namely, that of automatic control of speed. The 
analogy, therefore, is to automatic control problems where 
there is energy storage, also called the flywheel effect, the 
inertia effect, the reservoir effect, etc. 

Thus there are differences in applications—even though 
we have been dealing with one application, namely, an auto- 
mobile—but it nevertheless is obvious that a slow-reacting 
driver is an inaccurate driver. It is possible to assert that 
an automatic controller which is slow cannot control closely 
—provided that this automatic controller may be compared 
to an automobile driver. Are all automatic controllers thus 
comparable to automobile drivers? Only in the broadest 
sense. To generalize would be risky. The thing to do, there- 
fore, is not to generalize but to analyze. 


2. Principal Classification of Time Factors 

To analyze time factors and their effect, we must first 
classify them. We must see where each belongs. 

One method of classification made itself fairly evident in 
the car-driving analogy: the time factors belonging to the 
driver and those belonging to his car. In automatie control, 
all time factors can be divided into two classes: 

(1) The first class includes all time factors inherent in 
the automatic controller and independent of the process or 
application. 

(2) The second class includes all time effects inherent in 
or introduced by the process or application and essentially 
independent of the controller itself. 
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For convenience, we shall in many cases lump together 
(or “add” in a way to be explained later) all time factors 
inherent in the controller, and simply refer to the controller 
period. But we shall only do that after we have begun to 
‘lassify and discuss the various controller time factors. 

In like manner we shall find it convenient (without mak- 
ing our treatment less rigorous) to disregard individual 
components of some overall time effects belonging to the 
process, and to deal simply with the application lag. But 
we shall likewise have to recognize that there may be dif- 
ferent kinds of time factors in an application. 

4 second classification of time factors is according to 
their order—‘great,” “medium” and “small.” These are 
relative words, which cannot be used to establish mutually- 
exclusive classes. They can only be used for establishing 
des of time factors, without sharp boundaries between 
“slow,” “medium” and “fast,” unless dividing lines are set 
up by arbitrary definitions—the result being one man’s 
system, convenient for him but seldom helpful or even con- 
venient for others. In discussing automatic control, it should 
always be clearly understood that the use of any of these 
terms implies a different order. That is to say, when a case 
under discussion involves minutes, then “great” refers to 
days or weeks and “small” refers to hundredths or thou 
sandths of a second. 

4 third method of classification of time factors is accord 
ing to their essential nature: according to the shapes of the 
curves Which would represent them in the familiar plots o1 
raphs. Using this general method, we find that the sim 
plest specific scheme is a twofold division: 

(1) Delays; (2) Lags. 

(1) A simple delay is the time interval during which the 
operation being discussed has not yet taken place. Presum 
ably, then, the instant the delay is over, the action will be 
performed instantaneously. A homely analogy is the reac- 
tion-time of a motorist. A military analogy is the pre-set 
time of a fuze or of a delayed-action mechanism. An elec 
trical-engineering analogy is the pre-set time of a “definite 
time-delay relay” (perfect name!). Note that in speaking 
1f simple delays in automatic-control technology we are not 
concerned with the exact nature of their causes. Some of 
these causes are gradual physical phenomena, in many cases 
some kinds of energy accumulation or “build-up” which are 
plotted as exponential functions of time. We are concerned 
with these simple delays themselves as the causes of control 
effects. Note also that in automatic control we would not 
apply the term “delay” to the infinitude of time intervals 
which is a characteristic of what is called an “inverse-time- 
delay relay.” In automatic control, a time interval which is 
a function of something other than time is called a period. 

(2) A lag is a retardation without delay. It is an effect 
which starts the instant the cause comes into existence. Its 
graph is a curved line, not a square-cornered line. There 
are many types of lag. The most familiar is the heating 
curve or cooling curve of an object suddenly transferred 
from one constant temperature to another constant tem 
perature. “True thermometric lag” is the behavior of the 
indicating element of an ideally simple thermometer whose 
bulb is exposed to a sudden temperature change or to a 
temperature variation: it follows a fairly simple mathe 
matical law, which will be explained in detail in the next 
section because it is the most important law to learn in 
connection with the performance of automatic controllers. 

There is a third class of time factor, but we do not call 
it “Class 3” because in automatic control it sometimes has 
the effect of a delay and sometimes the effect of a lag. The 
most familiar example is the travel of the stem of a valve 
which is driven by a uniform-speed motor. For all practical 
purposes we may consider that the motor gets up to full 
speed in an instant and that it stops instantaneously. (The 
“motor” may be a capsular spring.) Now, if the valve is a 
pilot valve and if it merely controls the flow of a fluid to a 
snap switch or,on-and-off main valve, then the time factor 
is a type of delay. But if the valve is the main valve which 
controls the flow of energy to the process, then the time fac- 
tor—the time effect—is a gradual one without delay: it is 
a type of lag. Moreover, this particular lag can seldom be 
definitely classified as a component of the controller period 
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or as a component of the application lag. If we consi 
constant-speed motor, the operation time factor ce 
belongs to the control system; if we consider the « 
flow, the changing rate of this flow belongs to the a; 
tion. In solving a process control problem it dos 
matter, because we have to put the controller data a: 
application data into our equations and solve for wh 
unknown we are after. 
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Fig. 1. Sketch of a controlled heating process, showing time 
In a protected bulb, for example, there are at least two surface lags 
two thickness lags. On the other hand, usual construction reduces C7-(8 
C9 to one. 

All this will be amplified and treated mathematically 
Sections 3 and 4. As a substitute for these Sections, 
mathematical readers can obtain helpful concepts by stud: 
ing Fig. 1, memorizing it, keeping it in front of the mi! 
for several days and just letting the back of the mind d 
stuff.* Read the remainder of this section. Don’t try to t 
hard. Before many days have passed (it usually takes thre« 
or four nights of “sleeping over it”) the subconscious 


have brought to the surface a clear understanding of what 


happens and why, without any conscious mental effort 
your part. Of course your ideas will not be quantitativi 
you will not be able to write down exact numbers and 
equations, but if you have ever worked where processes a 
controlled—especially if you have been fortunate enoug! 
be able to observe the recorder charts day after day 
ideas will be right. And in the selection, application 
maintenance of automatic control systems it’s bette 
have right ideas without knowing what dy/dx means 
to have won honors in mathematics without having 
quired the “feel” of the sequence of events in a pro 
control installation. 

In connection with Fig. 1 (and also as a substitut 
or introduction to, Sections 3 and 4) there are gi\ 
Figs. 2-5 the graphs of the three types cf time factors 
the sake of convenience they are discussed as cont 


time factors. 


Mathematically-trained readers, of course, will find 
and tl following i simple introduction to Sections 
Mat suc eaders, if employed in process-control wot! 
enjoying the authority to make various adjustments and 
the re ilt igainst the equations disclosed later in thi 
ter, will undoubtedly be able to acquire, by their own eff 
far more intimate and exact knowledge of the behav 
their controllers than that possessed by any outside « 
tant (such as me, needless to specify!) But if any g1 
physicist or chemical engineer thinks he can forge ahe 
process work by coasting along on his mathematical p! 
without experimenting, without making a special stu 
the modern automatic control systems, without going | 
this book and studying the papers by authorities employ 
instrument companies, and also the treatments by 


Draper, Zucrow, Spitzglass, Trinks, Keppler, Tenot, LeC: 
ler, Hazen and others outside the instrument industry he 

for a rude awakening. Mathematics alone cannot give the 
of timing. 












2 is the graph of any delay. The thick line repre 
the record that would be produced by a quickly-re 
e recorder. It shows a sudden departure at 4:30 p.m., 
‘ally a sudden drop from “71” to “69.” The thin line 
nts the behavior of some part of the controller, for 
le a record of the position of this part. Note that this 
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does not deflect until 6 p.m., when it suddenly moves 
upward. No seale showing the extent of the deflection is in- 
luded in Fig. 2, because the only purpose of this diagram 
is to show the nature of a simple delay. The time scale is 
unusual in that it is divided in hours. In industry we ordi- 
narily find that delays due to parts of controllers are of the 
rder of seconds or of minutes. Therefore it may be in 
ferred that the delay illustrated in Fig. 2 is a characteris- 
tic of a room thermostat. 

Fig. 2 might serve also to represent other time effects. 
For example it might be not merely one particular time 
factor but the total period or dead-time of a thermostat 
for a two-degree drop, as recorded during a test. The con 
troller period, as was pointed out, is not a single definite 
delay: it is a time which depends on the extent of the tem- 
perature drop or rise, and on other conditions. In that case, 
therefore, Fig. 2 would represent enly one of a series of 
test results. The next test might be for a 10° sudden drop 
from 71° to 61° and it would probably show a much shorter 
dead-time, say a quarter-hour. In a third test, for a 20 
sudden drop (from 71° to 51°), this same thermostat would 
probably show a dead-time of only two minutes or so. 

Obviously, then, when we come across a variable delay, 
we should not only consider it as a cause of controller time 
effects but we should consider it as an effect in itself. When 
we look into its cause, we may discover that the cause is 
1 physical phenomenon which has a curve for its time 
graph. 

This brings us to lags. Fig. 3 shows the most common 
type. The thick line is a true record of a sudden departure 
vhich occurred at 1:01:10 p.m. The middle part is a sketch 
if a strip of motion picture film of the thermometer, the 
photographs having been taken at ten-second intervals. 
The lower part is the continuous-line curve of the thermom 
eter’s behavior. It is known by various names, each re 
ferring to some of its interesting properties: 


“Logarithmic Decrement” 
“Exponential” 


‘Asymptotiec” 

“Newton’s Law of Cooling” 

\ non-mathematical readers will no doubt have seer 
terms used in various texts. Every such reader is urged 


} 


ip the books which he finds relatively easy to study.) 

These terms all have similar practical meanings. 

e adjective asymptotic simply means that the reading 
e thermometer approaches the lower temperature more 
more slowly. Theoretically, the curve will “never” 
re into the straight line representing its limiting value. 
Practically, the thermometer is said to have stopped going 
when its rate of fall is too slow to be detected. 
vton’s Law of Cooling simply says that rate of cooling 
cooling body is inversely proportional to the difference 


between the temperature of the body and the temperature of 


irroundings. 

jarithmic decrement means, in this case, what has 

explained in the two preceding paragraphs. 
word exponential is derived from “exponent” which 
name of the number of times a number is multiplied 
lf. The volume of a cube is the “cube” or third power 
side. This is written V = S8 and the figure three is 





the exponent. In the equation S V-8 the exponent is minus 
three and it means the cube root. In the expression A* the 
symbol x is the exponent. The equation P {t means that 
the pressure P varies in exact proportion to the time t. 
The equation P= At means that the pressure P at the 
time t may be found by raising the constant number A to 
a power defined by the time t. If A equals one, the pressure 
remains constant. If A 3, then (assuming that th 
minute is the time unit) the pressure-time relation will be 
as follows: 


Minutes 1 2 38 { 5 
Pressure 3 9 27 81 243 


But if the constant A is a fraction between zero and 
one, the pressure will go down as time passes. It will go 
down asymptotically with zero pressure as the limiting 
value. 

Note that if the constant A is a number greater than one, 
the equation P = A-t, in which the exponent is minus tf, 
will likewise represent a gradual pressure drop, approach 
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ing Zero pressure as its asymptote. For example, if the 
constant value of A is 1000, then with a minus exponent 
we get the following: 


Time 1 2 : 
Pressures L000 31.6 10.0 5.61 2.15 


These rough examples would horrify a math p 
they serve to lead up to the number called e. In the above 
pressure-time equations we used A for a constant and we 
tried out various values of A. But in practical lag equations 
it is found convenient to use the constant called e, whose 
value is “natural” (just as the “natural” value of 7 is 
3.14159.....). The numerical value of e is 2.71828..... 


heel 


rot hot 
oT pul 


and it is not only the base of natural logarithms but is 
more widely useful than 7. By using it, we save as much 
time as the schoolboy does when he computes the area of 
a circle with the aid of 7. Without it, we would be stuck 
almost as badly as a schoolboy who has forgotten 7r2, So 
don't glance away when you see an expression like e-kt 
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Kinship of “Lag” and “Log”—Fig. 4 shows the sam« 
characteristic as that shown in the lower portion of Fig 
3. It looks different but the numerical values are the sam 
The time scale is linear as before but the temperatu 
> 7 scale is logarithmic. The curve has been plotted on “sen 
Here’s a lubricated cock logarithmic coordinates —semi-log paper for short. Most a 
logarithmic or exponential relations, especially those i! 
volved in process control, plot as straight lines on sen 
for real control log paper. The undeniable lag does so by definition. You <— 
al can buy, in any large stationery store, sheets of semi-log 


On instrument lines cross-ruled paper with any convenient number of decima oe 


“orders” or “‘cycles.”” You don’t have to learn calculus 
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n motion, or uniform change of rate of flow, or uni- 





i nerease or decrease in general. In control systems 

7 et it in connection with various parts, either in the Ke 
pom] unit (example, a constant-speed motor) or in a part 

a d as a “stabilizer” or “droop-correction” or “anti- RA | AR EX 
4 i” (examples, a leak orifice, a leak resistor, a spring- 


ishpot, ete., all having linear characteristics). In proc- 


] ce there are innumerable examples. the only mechanical 
— 3. Analytical Treatment of Controller Period CO 
Z 


ptimum control is desired, the controller period for 
— al ven departure from normality should be determinable 
t should always be the same for such a given depar- 


tu under similar conditions of adjustment, etc.). 
— controller period is neither a definite delay nor a and 
ag. It is the total effect of controller time factors (delays 
tJ and lags) plus the effect of controller characteristics not 
i related to time—particularly the overall sensitiveness. RECO M p FR 
a Note that we say “the total effect” but not “the sum’: in 
is a relatively complex system where some physical elements 


(as are in parallel rather than in series, a time factor asso- FAST 


ciated with a physical part in one branch may be entirely 


4 masked by a time factor of longer resultant period associ- Accurate readings (within 3/10 
ated with a part in another branch. For analytical purposes, | at 1% COs) in 30 seconds. 

a however, we shall deal with series systems in which the Z 

0 160 succession of time factors and of physical effects (such as 


deflections, ete.) follow the same path in the same direc- TOUGH 
tion, namely from the primary element to the “controlled | 

valve.” (This is the generic term for the final element which 
is commanded by the instrument but which itself controls No chemical or fragile parts to get out 
wn or governs a flow of energy. It might be a rheostat.) of order. Operates on lighting circuit. 
An automatic control system usually constitutes one of 
ar the two halves of a closed dynamic system, the other half 

9 being the application. In the application, the time factors ECONOMICAL 
- and the consequent chain of events follow a path in one 
direction, namely from the controlled valve to the primary Big savings on fuel costs reported 
by users—as high as 20%. 





Write for free booklet giving complete description of 









































this amazing instrument. Address The Permutit Com- 
ame pany, Dept. A8, 330 W. 42nd Street, New York, N. Y. 
tu *Trademark Reg. U. S. Patent Off 
sen 
Mos 
sem 
You 
\i-log 
Im ca 
ising element. Thus the entire system of controller and applica- 
ylmes tion is not only a closed dynamic system but a closed circuit. 
th This concept is not only helpful but necessary in solving 
aight problems of stability—in designing anti-hunting features. 
ficult This concept of two coupled systems is neither necessary 
omes nor even helpful in determining controller periods. By defi- 
an} nition, all controller periods are intrinsic characteristics 
| Jas of elements of the controller. They are variable in the lim- 
ba ited sense of being functions of departures from normality, 
the of adjustments in the controller itself, and of other given 
sel or determinable data. 
va Temperature control furnishes simple and helpful exam- i 
ples of component periods as functions of departure from 
normality. Such examples will be discussed first; and they 
will be followed by others covering the control of pressure 
+— and other variables. 
dom a msider a temperature controller (Fig. 6) the primary 
element of which is a mercury-filled bulb located at dis- 
— tance D from indicator J. This indicator serves also to 
L regulate the supply of compressed air to diaphragm-motor 
valve MV. This d-m-v. controls the flow-rate of B.t.u’s 
= (steam) through the coils which heat the oil. The flow-rate 
{— f the oil, or its initial temperature, or both, are variable. product of 
a sume an initial steady state, with the thermal system 
lilibrium: J = T (or, in plain words, the pointer read- . E BR ve U T I T 
re correct). 
7 sume that the thermal system terminating at J is 
y sensitive. It responds to small departures—even to 
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less metal diaphragm, with more than 40 years of develop- 
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infinitesimally 
of response 


small departures. However, its init 
varies. For a small sudden change ir 
observe (qualitatively) that the initial rate of poin 
placement is small; and that for a medium sudden 
in 7, this initial rate is medium. We are led to inf 
in each case the pointer takes the same time to r 
final position—which final position determines a 
flow of air to MV and hence a changed steam valy 
ing and a changed rate of B.t.u’s to the oil. 

How nearly correct is this inference? In Figs. 7 
the oil temperatures 7, the pointer readings J and th 
t are plotted on linear coordinates. A glance 
the shapes of the curves of the pointer displacem: 
provide the answer. Closer examination leads us t 
that both curves seem to obey the same law. This 
inference is correct. If we take the curve for the 1 
and superimpose it on the upper end of the curve f 
10° change, we find that the curves fit exactly ov 
span. Hence, once we find the shape of thé 
we shall find the time factors involved for any cha 
temperature, for this system. If we were to take 
type of thermal system, we would get curves of 5 
different shapes, but still showing the same characte 
i.e., faster change for greater changes, a 
curves for all changes falling on the same general « 

We are justified in concluding that for any on 
we should be able to find a mathematical expression f 
shape of the curve. And also, that this expression 
contain a factor that will fit the curve to different s) 

The mathematical expression for a curve that app 
a line at a rate proportional to the distance from tha 


shoy 


same 9 


rates of 


is of the form 
r iy (T; To) € 
where T is the temperature at time f¢; 
t is the time; 
To is the initial temperature: and 


Ty is the final temperature. 


It is convenient to represent T— Tyr by 4; and 7 
by T; 

Then, A T ve 

In (1) and (2), e is the base of natural logarithi 


merical value 2.71828 .. 
PROOF 
dT 
i A(T r) 
dt 
A dT . [ : 
A at 
. 7 7 J 0 
1 Ty 
Yr, log - At 
T 7 
T; 7 ' 
or, og vt 
7 T 0 
T T (7 Ty) e-kt 
7 T (7 To) e-F 
Let T T'0 7 and 7 T; 4, 
A T'n € 


Equations (1) and (2) are two convenient forms 
equation for Lag, which represents tl 
havior of any measuring-system pointer whose initia 
of displacement is proportional to the amount of depa 
from normality; rate of pointer displacement 
at any time is proportional to the remaining differe: 
(to use a om omy-4 we shall _ useful later). 

Theoretically, Jr = Tr at t . In any actual cont 
however, this purely mathem: sine’ property of the lag 
tion has no practical physical effect. In the first plac: 
physical dimensions are such that 99% (or even less) « 
pointer travel has practically the same effect on thé 


Thermometric 


whose 








valve as 100% would have. In the second place, the 
ires in a continuous process (and the departure after 


dis st ” up a batch process by manual control) are rela- 

ng small, so that even the extremely small friction in a 

that ade controller conceals or masks the difference be- 
its 95% and 100% of the correspondingly small total 
ged ‘ement. 

e! in the third place, when a large departure does oc- 


reason of a process disturbance, the controller will 

have initiated a correction before the pointer has 
5 iveled more than 5% or so; and the temperature or other 
that 001 lled variable will usually be returning to normality— 
application lags are excessive—before the pointer 
ached 50% or even 20% of what its total travel would 
cond } een. 


a 























ty in general 


Fig. 9 





7ime— = 


This would not be true, however, if the thermal system 
of the controller were so ‘‘fast” that the pointer completes 
99% of its travel in a matter of seconds where application 
lags are of the order of hours. So far, we have not dealt 
with this question. Let us consider lag coefficients. 

“Fast” and “Slow” Systems.—In the example illustrated 
in Fig. 6, we considered a mercury-filled thermal system, 
presumably with its steel bulb in direct contact with the 

| being processed. How would the equations be affected if 
we substituted a gas-filled system, or if we placed the mer- 
cury-system bulb in a low-conductivity protecting socket? 
The rates of response would be lower but the law of ther- 
mometrie lag would still hold. Fig. 10 shows the comparison. 
The equation 

A Tp e kt 
can be made to fit both these curves by changing the con- 
stant k. This constant of attenuation, as it sometimes is 
‘alled, provides one way of quantitatively comparing vari- 
responses. Another way, more frequently used because 

(1 of the unique properties of e, is to use the coefficient of 

thermometric lag (symbol, L). 

This coefficient L is not a dimensionless number like the 
nolds Number, but a characteristic time—the time for 
temperature difference to become 1/e or 1/2.718 of its 
riginal value. Furthermore, it is the reciprocal of the con- 

stant of attenuation kh. For, if 

oe A; Tyne-kt: and A: Tp e-kt 
r/dt Ao 1 


(2 Re 


+ 


property of measuring-system indicating elements 
e displacement obeys the thermometric lag law is that 
me required for the change in indication to reach any 
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0 Linear Time Scale 


Fig. 10 


given fraction of the final value is a constant. Also, the 
difference-halving period is, roughly, 33 of the lag coefticic 


L. For if 


A» l \ 
ates en ¢ k a ; 
A, 2 
] 
log. o —k (to — ft, ) 
2 
or, — log. — —k(to—t,) 
l 
1 
to — ty — log, 2 
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But W/k=L. .. te—t; 


L log 22% L 


The Delayed Start and the Delayed End. — Althoug! 
practically negligible in most measuring systems of auto 
matic controllers, divergences from the law of thermometri: 
lag characterize all composite structures. No man-mad 
thermometer obeys the law exactly. For a full discuss 
see the Section on Thermometric lag in Chapter III. Ever 
a brief mathematical treatment may be omitted here. Suf 
fice it to mention that Newton postulated an ideally simpl 
“body” in formulating his Law of Cooling from which the 
lag equations were derived by Harper; that there is no suc 
body in the measuring systems of controllers; that cons 
quently there is no “average” temperature to make / a pre 
cisely determinable and predictable function of t; and that 
the most noticeable effects of structural complexity occu! 
the first 10% or so and in the last 10% cr so of the pointe! 
deflection (See Fig. 11). We may call these effects the d 
layed start and the delayed end (or premature stop 
serious). 

The delayed start is especially noticeable where a hea 
protected thermocouple is connected to a direct-deflet 
millivoltmeter.* As a rule it is due to relatively low th: 
conductivity. The delayed end is especially noticeable v 
the ratio of the bulb volume to the capillary volu 
uncommonly low and where more than 10% or so 0 
capillary is in effect a secondary bulb. In measurement 
delayed start is ordinarily unimportant and the delays 


*It is noticeable also—paradoxically—where mercury (or xX 
etc.) is enclosed in a thin-walled bulb. Such a bulb attains it 
expansion (or contraction) befcre the average temperature 
enclosed liquid has had time to rise (or fall) appreciably 
this fact is not unknown to the general public is indicated 
question asked in a radio quiz program in 1940: “Why 
thermometer fall when you suddenly place it in boiling Ww 
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Fig. 11 
end is frequently a source of error. In control, even a pre- 
mature stop is of no practical consequence but the delayed 
start is the effect to be borne in mind. 

According to the simple law of thermometric lag, the 
rate of pointer deflection is inversely proportional to t. 
Therefore, if we know the difference-halving period, or any 
other one pair of deflection and time data, we can obtain k 
and we can plot the entire curve by drawing a straight line 
on semi-log coordinates. Delayed-start effects or delayed- 
end effects impair the strict exactitude of the relations. A 
glance at Fig. 11 shows, however, that the 74 relation of L 
to the difference-halving period is affected but little by the 
delayed start and affected not at all by the delayed end. 
The chief sufferer is the constant k. Practical workers, when 
running tests of thermal systems, may use the *% relation 
unquestioningly. Only research workers, or process engi- 
neers striving for hairline control, need bother about the 
value of k being different at the start. Moreover, we shall 
see in what follows that the overall sensitiveness of the 
controller and the mode of control (on-and-off, throttling, 
etc.) must be considered before going to the trouble of de- 
termining the exact times involved in delayed-start effects. 

On the whole we see no reason for making the remainder 
of this discussion difficult to-follow by complicating the 
equations. We shall go on using the simple Newton’s Law. 


How Sensitiveness Affects Periods and Vice Versa 


No controller is entirely free from time factors. All are 
characterized by at least one lag—even if negligible in com- 
parison with the applicaton lags. 

No controller has an ideally sensitive measuring system. 
All are characterized by a definite—even if negligible— 
sensitiveness. 

Up to now in this discussion we have considered lag, but 
in our examples the function of the pointer was to actuate 
a pilot valve continuously. It was implied (nothing being 
said to the contrary) that the combination of pointer and 
pilot valve was free from backlash or other imperfections. 
It was implied, therefore, that even an infinitesimal change 
in the indication will cause a change in the opening of the 
controlled valve. 

Before dropping these assumption, it is in order to point 
ut first of all that the delayed-start effect creates a sensi- 
tiveness zone of appreciable width, even in a controller 

hich otherwise would be ideally sensitive. For example, 

ssume that the thermal system has a difference-halving 
eriod of 20 seconds and consequently that L = 30 seconds 





but that the constancy of k is sharply modified at the begin- 


ng of the curve, there being a “plain delay” of 1 second 
fore the pointer even starts to move. Obviously, no change 
the temperature under control will result in any pointer 
flection for a period of one second and there will be no 
ntrolled-valve movement at all during that period, how- 
er great or small the departure from the setting “point.” 
the event of a sudden departure, therefore, such a con- 

































Berore the spectacular dive—the zooming 
take-off—came painstaking testing of equipment. 


For the great aviation industry is well known for 
its scientific thoroughness. 


Significant, therefore, is the fact that over 50% of 
all aircraft engines and accessories are tested with 
Meriam Manometers. 


@ Meriam Aircraft Engine Testing Manometers, in U 
and Well Types, are used to measure: Crankcase 
Pressures—Air Flow—Absolute Stack Pressures— 
Carburetor Pressure Drop—Engine Manifold Pres- 
sures—Supercharger Pressures—and others. 


Other Meriam Manometers test the following aircraft 
instruments: Altimeters—Air Speed Indicators—Rate- 
of-Climb Indicators—Fuel Pressure Gauges—Mani- 
fold Pressure Gauges—Suction Gauges—Fuel Quality 
Gauges, etc. Manometers are also used in the testing 
of fuel, vacuum and hydraulic aircraft pumps. 


The Meriam Inclinometer, Model A-420, measures 
precisely the pounds of air per hour passing to the 
carburetor of an engine under test. 


All Meriam Instruments are precision built by men 
with long experience in this class of work. The 
Meriam Co. has been making measuring instruments 
exclusively for the past 30 years and is today regarded 
as one of the world’s foremost manometer makers. 


Write us about your problem. 


THE MERIAM Co. 


Instruments for Indicating Pressure or Flow 
of Liquids and Gases 


CLEVELAND « ORIG 


Representatives in Principal Cities 










INSTRUMENTS 
Mav 1941—Page 131 





























Therme meters 


GEORGE RUEHFEL COMPANY, Inc. 


103-105 Menahan Street- ® Brooklyn, N. Y. 








@ For instrument assemblies calling for 
heavy-duty components, these midget oil- 
e filled condensers are proving increasingly 
popular. Originally made special to meet 
rigid specs., they are now standard items, 
and generally available, at low cost. Sub- 
mit your needs for our engineering col- 
° laboration, recommendations, quotations. 
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troller would have an infinitely wide dead-zone. In the ¢ 
that 7 changes at a uniform rate, the dead zone will be 
degrees, the degrees-per-second rate of change of T. In 
actual installation, excessive thermal insulation of the 

mary element impairs the sensitiveness of a tempera 
controller and, in general, whatever impairs the immed 
of the pointer response or of the overall response ir 

control application (pressure, pH, etc.) makes close cor 
impossible. The writer preaches it as a slogan: Dead 7 
Mean Dead Zones. 

Equally true is the dead mean ( 
Sut the onerous term “dead zone,” implying an 
desired and objectionable characteristic, will not be uss 
referring specifically to a distance between contacts, « 
another deliberately-introduced and known sensitive: 
and in discussing the determinable periods resulting th: 


converse: ZONES 


times. 


from. 
Example I 
For a first example we may consider an electric-cont 
type temperature controller with a 
10°F. (determined by a differential setting of that amou 


sensitiveness of 


and with no time factors such as delays or lags in 
measuring system which terminates in the contact-mak 
pointer. A quantitative analysis need not be undertake: 






determine the time characteristics of this controller: O 


viously it will not initiate any change in the heat supply 





the process while 7 remains within the zone of normali 
Fig 

nm 
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Ti ME a 
Therefore its period is indefinite. But not infinite: In 


event of any departure from normality, this controller v 
not fail to act. Its behavior is illustrated in Fig. 12. 
8° departure is shown at A, a 5° departure at B, a 
departure at C »° departure at D. The curves 


and a 2 
graphs of both T and J since, there being no lag, J 7 
all times. and d are the instants when t 


controller acts 


Points a, b, ¢ 
when it acts instantaneously. 


We pass on, now, from hypothetical to actual controll 


controllers characterized by determinable sensitiven 
and determinable lag. 
partures and periods, will be discussed as functions of « 
another. 
Example II 

Data: 
coefficient 30 
I T») (that is to say, the 
and the pointer indication corresponds exactly to the c 


trolled temperature). 


Temperature controller (no particular type). | 
Initial 
process has not yet been u}] 


seconds. Sensitiveness: 1°F. stat 


Required: The period in the event of a 10° sudde1 
parture. 

There is some ambiguity in the datum, 
that it implies £0.5°, but we may proceed on the assun 
tion that the pointer may deflect over one full degree ( 
from I To to 1 To 1°) before the controller initiat 


a corrective action. 


“sensitiveness” 


In the discussion of the then 


Mathe n atical Solut oO? 


metric lag equation it was shown that the difference-ha 
ing period is 2/2 of L, specifically L log. 2, because 
‘Thi : , t An t I 
tem, where forces move 1 t is characterized by inerti 
friction, etc., however t t ra t jue) / (friction mo 
of inertia) However, we ire not specifyvins inv time units il 
example, so that the lag of an actual system 1 be truly 1 
gible divisior ire hours. tl 1 


Thus, in Fig. 12, if the time 


\ 


These two properties, as well as d 











-neral Equation for Determining Time \nterva) 
tween L=7Z, and /=7, when Z is Known 
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t,-t, = loge 54 XL; whether 7;>73 or G>T, | 


Fig. 13 


In this case 


-To. 


general property of this form of equation. 

required period is that for one-tenth of Tr - 
10 

Therefore the period L log, — 

10 l 

30 0.10 3.0 

Measure the tf 


seconds. 


rraphie Solution: intersection of J and 







































































LE (eis Ts 9°) on a semi-log plot of J, as shown in 
| 14, 
A Fj 
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Fig. 14 
Example III 
Data: Same as in Example II. 


Required: The time characteristic or variable period. 
Plot the period as a function of the departure, from zero 
departure to 15° departure. 

The thermometric lag equation makes it possible to plot 
the response of the pointer for all sudden departures. It 
has been shown also (see the discussion in connection with 
I 7 and 8) that the J vs. t curve for any departure co- 
incides in part with the curve for any other departure. 
rhus, in Fig. 15, the portion of the general J-t curve to the 
right of A represents the pointer response for a 10° de- 


ifs. 
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A RHEOSTAT LINE 
THAT IS COMPLETE 


The bulletins Ward Leonard Rheostats are 


probably the most complete compilation of Rheo- 


on 


stat data ever assembled by a single manufacturer. 
Besides types and ratings the subjects of manual 
and motor drives, mountings and ac- 
cessories are completely covered. Send 
for a complete set of the latest Ward 
Leonard Rheostat Bulletins. 


WARD LEONARD 


ELECTRIC COMPAN Y 
38 South Street, Mount Vernon, N. Y. 
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D.C. Move 
, . Double truss bridge 
protects against any vibration— 
insures permanent perfect align 
ment of bearing supports, and 
provides correct scale readings 


View of 





ro 


IN every phase of manufacture, Triplett exercises rigid control 
over the quality of every part. In instrument manufacture, 
ample, heat-treating magnets the Triplett way, plus careful aging, 
insures permanency. Following heat-treating, processing by special 
electric hammers insures initial uniformity and freedom against 
change. Triplett instruments have perfect alignment magnetically 
and mechanically, with the result that scale readings are linear and 
free from ‘‘curve error.’’ That is why Triplett instruments have 
been recognized internationally for their precision, long life, and 
reasonable prices. That is why more and more people are standard- 
izing on Triplett instruments, because they know—''It’'s got to be 


RIGHT to be Triplett.’ 


for ex- 


Write for Catalog — Section 325 Harmon Avenue 
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Bluffton, Ohio 





INSTRUMENTS 
May 1941 33 


—Page 133 














Fig. 16 
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Fig. 17 






parture; likewise, the portion to the right of B describes 
the pointer behavior for a 5° departure, and so on. 


The time-saving graphic-presentation kink illustrated in Fig. 13 
ggests the possibility of another legitimate trick. Practical in- 
lustrial control problems of the type given here do not 
fourth-decimal accuracy Therefore the author devised in 
the scheme illustrated in Fig. 16. engineers and educators 
found it useful; none has found any objection, so it is given 


require 
1930 





Some 


recommended graphic solution 


Graphic Solution. First Step: Determination.—Since 
for any departure, the period is the point when the J curve 
(for that departure) intersects To 1°, these points of in- 
tersection on an infinite series of J curves will constitute a 
duplicate of the general curve. By drawing two curves 1 

apart on linear coordinate paper, it becomes a simple mat- 
ter (see Fig. 16) to measure along the time axis the pe- 
riod required for the pointer to travel one degree from any 
starting point. An 8° departure is shown at A and the cor- 
responding period is 3.75 seconds. The period for the 2 

departure D is of course the difference-halving period of 
(Note—Its calculated value is 20.97 seconds.) 
Needless to say, the heavy-line departures and other nota- 
tions on Fig. 16 need not be drawn and lettered in an ac- 
tual solution. Only the two curves need be drawn on the 


cross-section paper. 


20 seconds. 


Second Step: Plotting the Characteristic of the Control- 
er.—By using a pair of dividers it is easy to transfer to 
another sheet a series of values of the period taken from 
the first sheet, and then draw a curve through the points 
thus obtained. In this diagram, temperatures should pre- 
ferably be the abscissa and times the ordinates, because 
departures are the knowns and periods the unknowns. The 
result is curve B (alone) in Fig. 17. As always in plotting 
a curve from another, the use of proportional dividers en- 
ables the worker to choose any convenient actual size. 


} 
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Fig. 18 









Discussion.—The controller characteristic thus obtained 
will plot as a straight line on semi-log paper, for it is a 
logarithmic relation. Since it is such a curve, it likewise is 
one of the family of curves obtained by using different 
values of one of the “coefficients,” in the mathematical 
sense. Therefore, although the controller under considera 
tion has a fixed coefficient of lag and a fixed sensitiveness, 
it is already evident from this Example that two families 
of curves will be obtained if either datum is made the onl} 
variable. The physical meaning is that we can predict th 
effects of various adjustments in actual controllers; and 
this will be taken up in the next two examples. 















Example IV 







Data: Same controller, but its sensitiveness is adjustable. 

Required: The general characteristic: all the periods fo! 
all values of departure and all values of sensitiveness (b¢ 
reasonable limits). 







tween 






Solution.—The “reasonable limits” are those which app! 
in any practical industrial problem. Repeat the procedur‘ 
of Example III, using short-cuts which will now suggé 
themselves. Semi-log paper may be found a conveniencs 
Fig. 17 shows a solution in which the extreme value of t 
and the longest period 50 s 











sudden departure is 15° F 





onds. 







Discussion.—Some workers may prefer to make the s« 
sitiveness settings the abscissa, the periods the ordinat 
and each curve that for one value of a sudden departu 









Example V 





Data: Same as in Example III except that L is “adju 






able” (see discussion). 
Required: The general characteristic: all periods 
varying values of departures and lag coefficients. 





















MANUFACTURERS’ 


NEW LITERATURE 


In this department we report ALL pieces of NEW literature pertaining to Instrumentation, 
received from the manufacturers. Readers may secure without cost (unless noted) any or all 


tems reported here, by filling out and mailing the card. 





1-156 Laboratory HKheostats. Bulletin 
136, 554” X 858”, 4 pages, describes and 
llustrates several types of tubular slide 
rheostuts supplied with tubes of solid 
wall porcelain and also of special steel 
heavily covered with poreelain. Shows 
control panel for fractionating columns. 
Beck Brothers, 421 Sedgley Ave., Phila- 
delphia, Pa. 


1-157 Mechanical Flowmeters, Bulletin 
No. 410, 8%” X 11”, 4 pages, describes 


flowmeters for all com- 
mercial fluids—steam, water, oil, gas, air 
shows panel mountings and principal 
jimensions; also bulletin on orifice me- 
calibrations. Ring SJalance Instru- 
ment Co., 740 N. Franklin St., Chicago, 


ind illustrates 


1-158 Du Mont “Oscillographer.” Feb.- 
Mar. 1941, 4 pages, is entirely devoted 
to article by Alexander Sandow, Dept. of 
Biology, New York University entitled 
A Single-Sweep Stopwatch and Its Use 


n a Biological Problem.” Allen B. Du 


Mont Labs., Inc., 2 Main Ave., Passaic, 
Nd 

1-159 Condensers, Resistors and Test 
Instruments, 1941 Catalog, 8%” xX 11”, 


20 pages, covers general line of electro- 
lytic, paper, oil, exact-duplicate replace- 
ments, transmitting and other condens- 
ers, wire-wound and carbon resistors, 
and L-C checker, capacity-resistance 
bridge and motor-starting capacitor se- 


lector. Aerovox Corp., New Bedford, 
Mass. 
[-160 Precision Snap Action Switches, 


9144” X 12”, 36 pages, gives di- 
mensions, prices, operating characteris- 
tics and applications of the two 
types of switches —externally operated 
ind self-operated. Micro Switch Corp., 
Freeport, Ill. 

[-161 Eleetrie Furnace. Bulletin GEA- 

3523, 8” 101%”, 4 pages, describes and 
illustrates gas-carburizing electric fur- 
nace with complete equipment including 
furnace, loading baskets, cooling unit 
and standard control panel. General 
Electric Co., Schenectady, N. Y. 
I-162 Pile Height Micrometer, Folder, 
146” %& 7”, 4 pages, describes and illus- 
trates micrometer for measurements of 
the thickness of plush, carpets or simi- 
lar fabrics to the thousandth of an inch, 
weight of instrument is 3% lIbs., %” ca- 
pacity. F. F. Metzger & Son, 2600 North 
6th St., Philadelphia, Pa. 

I-163 Connectors, Bulletin P, 8%” X 
10144”, 18 pages, describes, illustrates and 
prices line of Type “P’’ and “O” plugs 
for sound and allied applications—elec- 
tronic low level circuits, small power ap- 
plications, etc. Cannon Electric Develop- 
ment Co., 420 West Avenue 33, Los An- 
geles, Calif. 

I-164 Boiler Water Feeder and Feeder- 
Cut-Off Combination. Form L-28, 8%” xX 
11”, 2 pages, describes and illustrates No. 
47 feeder and No. 47-2 feeder-cut-off 
combination for boilers up to 5,000 sq. ft. 


Catalog, 


basic 


capacity. McDonnell & Miller, Wrigley 
Bldg., Chicago, II. 
I-165 Eleetrical Instruments. Folder 


E(4) 155-141, 7%” X 10%”, 4 pages, cov- 
ers galvanometers and electro-chemo- 
graph, Micromax recorder used in study- 
ing plant-cell potentials at Stanford Uni- 
versity and lists other instruments in 


maker's line for research, teaching and 
testing. Leeds & Northrup Co., 4934 Sten- 
ton Ave., Philadelphia, Pa. 


1-166 


Projection 


Reading 


Balance. Bulletin No. 680, 3% 


pages, 


describes and 


Analytical 
“xX 85%”, 4 


illustrates analyti- 


cal balance No. 911 for automatie weigh- 


ings 


Reade St., New York City. 
[-167 All-Eleetric Floatiess 

Catalog 241, 8%” 11”, 24 

scribes and illustrates liquid 


trol 


from 
minated 


and 


sereen. Chri 


for use on a- 


controls and panel 
automatic starter and relay combination, 


ete. 
Mich. 

1-168 Sight 
834” 11”, 2 page 


trates sight glasses for 
of flow of 
lines. 
Allegheny Ave., 


pipe 


liquids 
Cochra 


Glasses, 


1/10 mg. to 100 n 
graduated 
magnified, projected and read on a 
glass 


stian Beck 


Cc only, she 


8, Telay sw 


Bender-Warrick Corp., B 


Public 


micro 


ig. +. Illu- 
scale is 
matt 


er, Inec., 92 


Controls, 
pages, de- 
level con 
Ws special 


ritches, a-c, 
irmingham, 


‘ation 2970, 


8S, describes and illus- 


and 
ne Corp., 


1-169 Capacitor Manual, 19 


No. 


nw fs 73) 
vo ya 7 3% _ 


256 pages, 


visual inspection 


sludges 


through 


17th St. & 


Philadelphia, Pa. 


41 Edition, 
catalogues 


dry electrolytic, wet electrolytic, tubular 


paper, uncased paper, 
generator 


auto 


capacitors for rad 


tric Corp., 
I-170 


re 


steel 


transits 
and 


pers 


Aad 


New Be 


dial i 
and leveli 
dividers 


Starrett Co., Athol, 


1-171 


Qo” 


Water Level 
11%”, 2 pages, describes low water 


and 


Mechanical 
, 282 pages, covers precision tools, 
tapes, 


paper replacement, 
vibrator 


and mica 


io servicing; also ca- 
pacitor analyzer, capacitor bridge and in- 
terference filters. Cornell-Dubilier Elec- 
-dford, Mass. 


Tools. ( 


ndicators, 


ng instruments, 


and gages 
Mass. 


Contro 


‘atalog 26, 


hack saws, 
cali- 


The L. S. 


lL Bulletin, 


3-P-10 control, immersion aquastat, sur- 
face aquastat and pressure control. Globe 


Controls Co., 


N. J 


126-1 


28 First St., 


Newark, 


[1-172 Spet Welding Timers, Descrip- 


tive 


describes 


Data 18-335, 


and illu 


ao” SM CAG, 
floor-mounted 


strates 


4 pages, 


ignitron spot welding timers to control 


welding of 


aluminum, 


heat 


treated al- 


loys and other materials. Operating de- 
tails list the funct 
lays and explain how stepless welding is 


accomplished. 


Wes 


ions of tut 


tinghouse 


yes and re- 


Electric & 


Mfg. Co., East Pittsburgh, Pa. 
Industrial Power Units and Mo- 


I-173 


torized Valves. ¢ 
24 pages, describes line of power 


1014”, 


units 
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and 


valves t 


‘atalog 


o operate 
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77-1, 7%” &X 
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with mak- 


INSTRUMENTS, Pittsburgh 


Please have the following catalogues, etc., reviewed in this issue sent to me. 


Numbers 


Clip and Mail this Card 


nstruments photographs 
control motors, slip 
be type, 
type, pilot operate d three-way 
strument 
Philadel- 


control 
shown of 
stem globe type, rotary stem 
butterfly 


er's 


electric 


and 
Co., Wayne & 
phia, Pa. 
I-174 Boiler Water Level Control, Bul- 
letin 431, 8%” xX 11”, 8 pages, describes 
operating experience at new brewery’s 
boiler plant with Copes flowmatic regu- 
lator. Northern Equipment Co., Erie, Pa 


special valves Brown Lr 
Roberts Aves 


I-175 Director-Coupled Amplifiers, Cir- 


cular, 6” xX 9”, 8 pages, describes and il- 
lustrates self-balancing push-pull direct- 
coupled amplifiers for a wide variety of 
special laboratory applicatior Ampli- 
fier Co. of America, 17-19 West 20th St 


New York City. 
[-176 Du Mont “Oscillographer.” Vo! 
4, Nos. 10 & 11, 6” XK 9”, 4 page is @! 


tirely devoted to article entitled “A Sin 
gle-Sweep Stopwatch and Its Us n a 
Biological Problem.” Allen B Du Mont 


Laboratories, Inc., 2 Main Ave Passaic, 


N. J 

[-177 Helay Testing Apparatus, C 
log No. 5, Sec. 1C, 8%” ” T } 
and illustrates line of ‘ testir 
equipment including ‘ i t 
switches and cycle count The States 
Co., Hartford, Conn 


[-178 Gaseous Discharge Hectifier and 


” 


Control Rectifier Tubes. Cat fue 8 
11%”, 26 pages, covers d of rec- 
tifier circuits, note ! 
tiflers d data n EL I 
Elect m If S \ ¢ 
rx, N. J 
[-179 General Radio “Experimenter.” 
April issue, 8 pages, discus new ter- 
minals for use with coax transmission 
lines and new 1udio-f ! 
volter. General Radio C ) State St., 


Cambridge Mass 


1-180 Strobescope Inspection Equip- 
ment. Bulletin GEA-3583, 8%” 11”, 6 
pages, covers inspectior equipment for 


cloth-printing machines r ling data 
on installing and operating »boscope 
General Electric Co., Schenectad ee 2 

[-181 Precision Temperature Regulator, 
Form No. TR40, 4” 9”, 4 pages, de- 





scribes, illustrates and prices tempera- 
ture control device for general labora- 
tory use, complete w tl relay thermo- 
stat element, connecting cords, mercut 

and two extra glass b ¢ 
within 1/50th of a degree. Eastern Engi- 
neering C 45 Fox St N Ha n 
Conn. 

T-182 Variable Transformer, Bulletin 
No. 149, 814” 11”, 12 pages, describes 
and illustrates Powerstat ins- 
former for obtaining continuously va- 
riable output voltage from power 
lines, also covers variou ipp ns 
Superior Electric Co., 130 Harrison St 
Bristol, Conn 

1-183 Cornell-Dubilier “Capacitor.” V 
5, No. 1, 16 pages, contair Part IV f 
“Analyzing Radio Noises,” data on how 


to re-set push-buttons and other items. 
Cornell-Dubilier Electric Corp., New Bed- 
ford, Mass. 
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[-184 Water Stills, Catalog No. 41-5, 


11”, 24 pages, describes 26 stock 

lls f laboratory and industrial pur- 
ipacities from %-gal. to 100- 

pe hour choice of electric, 24S, 

at is offered in a number 

hese models Also shown are spe- 


cially built multiple-effect stills with 
100 to 5000 gals. per hour. F : 





toke Machine Co., Tabor Rd., Olney P. 
QO. lelp} Pa 
Arc Welding. Bulletin No. 341, 
{ pages, covers article on arc 
lir lir the graph method of 
ipsed time by means ofl 
’ ‘ time record The Esterline- 
Ang Co Ine “Indi inapolis, Ind 
[-18¢ Won-Emdionting Air - Operated 
Controllers. Catalog 77-2, 7% . 1014” 
§ page de ribe ind illustrates con- 
t1 ler for temperature and pressure of 
the pe ed emote bulb type, n- 
cluding ematic diagram showing a 
pic DI ctual installation 
phot I nd drilling and mounting 
Brown Instrument Co 
\ I \ Philadelph 
Pa 
iS87 “The Ohmite News,” April 1941 
2 page ntains ticle on Gustav Rob 
kk ff liscoverer of K rchhoff's 
Law n tl d sion of currents in 
net nductors, also items on 
powe es and resistors. Ohmite Mfg. 
ke 18 Flournoy St., Chicago, Il. 


1-188 “The Use of Ability and Aptitude 


Testing in Business.” Booklet, 8% 

11 16 pages, gives explanation of the 
entif an which is followed building 

batteries” of tests for ail types of sales, 

executive, clerical and production jobs. 

The Personn Institute, Inc., 225 North 

Wabash Ave., Chicago, III. 

[-189 Self - Synchronous Apparatus, 
Bulletin GEA-2176, 8” xX 10%”, 8 pages, 
describe nd illustrates Selsyns for re- 
mote signaling, control and indication, 
listing ’ ous ipplications General 
Electr CK Schenectady, N. Y. 

I Air Weight Control. Bulletin B 
2968 8&8 11° 12 pages, describes and 

strat the r weight controller for 
found yperation which automatically 

weight of air being deliv- 
red t e cupola Che ontrolled air 
flow ontinuously recorded on a chart, 
graduated n terms of standard cubic 
et r in pounds per minute. The Fox- 
bi ‘ Nepe t Ay Foxboro 
Mass 
I “What Time Is It?” Booklet, 54” 
7 § pages ve prevail time 
iz I light Saving, in principa 
Ss nd cities and borous o! 
I - i Pittsburgh d I 
i friend S 
I ( W Ss 
P 
I Aerovox “Research Worker.” \ 
h nd ontain Parts nd 
1 Ap t 

\ ( or.” ‘ 
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Book Bargains 


Our Inventory of Unsold Books 


is tying up funds we prefer to have 
available for manufacturing new books. 
To accelerate our work of building up 
the American Measurement and Control 
Literature, we are making a special in- 
ducement to stimulate sales: we are 
offering this stock at the special prices 
indicated, These special prices hold only 
until August 31, 1941 (or before if stock 
is depleted). They include postage, Check 
must accompany order. 


The Engine Indicator—Its Design, Theory 
and Special Applications. By K. J. De- 
Juhasz. 1934. A mine of information for 
all engineers who have to investigate 
forces and motions—not only in engines 
but in many other applications, Cloth, 


1144x814 inches, 343 pages, $3.75. 
(Only 141 copies left) Special price $2.00 


Dielectric Phenomena in High Voltage 
Cables. By D. M. Robinson. 1936, Cloth 
514x81 inches, 186 pages, $5.00. 





Special price $3.00 


A Symposium on Illumination, Edited by 
C. J. W. Grieveson. noes. Made up of a 
number of chapters, each written by a 
specialist. Theoretical ona practical prob- 
lems connected with modern lighting. 
Cloth, 54%4x8% inches, 229 pages, $5.00. 


(Only 11 copies left) Special price $3.00 


Automatic Protection of A. C, Circuits. 
By G. W. Stubbings., 1935. The material 
is logically presented in lucid manner, It 
is a concise treatment of a subject here- 
tofore requiring extensive reading in di- 
verse publications, Cloth, 544x8% inches, 
293 pages, $5.00, 


(Only 23 copies left) Special price $3.00 


Mercury Are Rectifier Practice. By F. C. 
Orchard. 1936. This book is one there 
need be no hesitation in recommending 
to anyone concerned with the practical 
operation of rectifier plants. Cloth, 54x 
814 inches, 285 pages, $5.00. 

(Only 159 copies left) Special price $3.00 


Theory of Alternating Current Wave 
Forms. By Phillip Kemp. 1935. Probably 
the first treatment including adequate 
discussions on non-sinusoidal wave forms. 
A standard reference. Cloth. 54x84 
inches, 218 pages, $4.50. 


(Only 54 copies left) Special price $3.00 


INSTRUMENTS PUBLISHING CO, 
1133 Welfendale Street 
PITTSBURGH, PA. 


No 
Postage Stamp 


Necessary 
If Mailed in the 
United States 








BUSINESS REPLY CARD 


FIRST CLASS PERMIT No. 1441, Sec. 510, P.L.&aR., PITTSBURGH, PA. 








INSTRUMENTS PUBLISHING COMPANY, 
1119 Wolfendale Street, 


Pittsburgh, Pa. 


ADVERTISERS 
IN THIS ISSUE 


Aerovox. Corporation. ss. ..6de5 sic. 1 
American Electrical Sales Co., Inc... 1 
1 
1 





Amthor Testing Instrument Co., Inc. 
Associated Research, Incorporated. . . 


Bailey Meter Company ............ 1 
Bausch & Lomb Optical Company... 1 
Bendix Aviation Corp., Marine Diy. 

Bodine Electric Company ......... I 
Bristol Company, The: .........0:. «0%. 
Brown Instrument Company ........ \ 
Certified Gauge & Instr. Corp...... 1 


Clare Company, C. P. 

. lifford Manufacturing yrerdiny ae 

Cochrane Corporation ............. 13 
Continental Electric C ompany oe ak § 1 
Daven C Pe The.... 

Dietert Company, Harry W. 1 
Du Mont Laboratories, Inc., Allen B. 1 

Flectric Tachometer Corporation.... 14 
l 


EAL, Ss Say Gs Rs nag eek. 


Engelhard, Inc., Charles............ li 
Eppley Laboratory, Inc. ........... 13 
PRistrom:. COMME 66 5:5 iw seco 03's 114 
Federal Products Corporation....... 130 
Fenwal, Incorporated.............. 14 


Ford Motor Co., Johansson Gauge 
Division .. Sa 

Fulton Sylphon £ ompany, 3. 

Gaertner Scientific Corporation ..... 12( 


General Electric Company.......... 
eee Inside Back Cover 
General Radio Company..... Back Cover 
Gordon Company, Claud S......... 138 
Gotham Instrument Company....... 140 
Hays Corporation, The ............ 135 
Heise Bourdon Tube Laboratories... 137 
Hewlett-Packard Company ......... 115 
Hickok Electrical Instrument Co., 
UE a as aad rbdia. £09 


Illinois Testing ‘Laboratories, mts. . 135 
International Resistance Company... 137 


J-B-T Instruments, Inc. ... 115 
Johansson — ' Div., Ford Motor 
Company.... : a 
Johnson Service C ol eee 111 
Jones-Motrola Sales Company a aiater 112 
Karp Metal Products Co., Inc. ...... 138 
Kester Solder Company............. A2 
Leeds & Northrup Company....... A10 
Lewyt Metal Products Co., Inc. ..... A4 
Liquidometer Corporation, The...... A4 
Littelfuse, a ! . 138 
Merco Nordstrom Valve Company. 126 
Meriam Company, The.......... 131 
Minneapolis-Honeywell Regulator Co. A5 
Moeller Instrument Company ....... A¢ 
National Electric Controller Co. .... 140 
Ohmite Manufacturing Company.... 128 
Palmer Company, The .\............ 113 
Paragon Electric Company.......... 135 
Permutit Company, The............ 127 
Philadelphia Thermometer Company. 108 
Racine & Company, Jules.......... 140 
Rawson Electrical Instrument Co. ... 140 
Refinery Supply Company, The..... 108 
Rex Rheostat Company............ 140 


Riehle Testing Machine Division, 
American Machine & Metals rial 129 


Rubicon Company ..... 115 
Rueckert Manufacturing Company. Ramee 
Ruehfel Company, George.......... 132 
Shore Instrument & Mfg. Company.. 140 
Sola Electric Company............. 109 
Superior Electric Company ......... 116 


Tagliabue Manufacturing Co., C. J. 

ee Inside Front Cover 
Taylor Instrument Companies venetatite A3 
Trimount Instrument Company .... . 114 
Triplett Electrical Instrument Co. ... 133 
United Transformer Corporation.... 135 
Waseranont: BOG. toch coy. sane 137 
Ward Leonard Electric Company... 133 
Weston Electrical Instrument Corp. 
Wheelco Instruments Compariy ..... 








gS a lllttt—~S 





HAYS ENGINEERING SERVICE 

is nation-wide. In every industrial 
center you will find men trained to 
help you achieve and maintain the 


STAN TAN Tolt === a ve smtp and sian in the 
Sa) \RECT READIn, = operation of your steam power plant. 


Pioneers in instrumentation and thoroughly 
modern in the application of combustion con- 
trol, Hays can furnish you with practical and 

The Velometer is a versatile direct reading air ve- “We Si dependable installations, embodying the 
locity meter which gives instantaneous readings of the 2 : : 
peed of air measured in feet per minute. proper combination of engineering and pre- 

The Velometer is ideal for measuring duct velocities ; cision instruments. Whether the job calls 
ind pressures, velocities at grilles or registers. It offers f i le fl ] lete 
the only convenient and satisfactory instrument for Or a simple tiue gas analyzer or complete 
checking drafts, leaks around doors or windows or in automatic centralized control, Hays repre- 
ducts, velocities of ceiling outlets and similar air ‘ is 
diffusers. sentatives have the facilities to help you 

It is made in several standard ranges from 20 F.P.M. i save fuel dollars. 
to 6000 F.P.M. and up to 3 inches static or total pres- 
sure, Special ranges available as low as 10 F.P.M. and Let these trained men look your plant 
up to 25,000 F. P.M. velocity and 20 inch pressure. 


\acloslAlicdics 
\atetanl . i, “ 


Z : : i ut obligation, of course. 
Anyone can use the Velometer. No mathematical cal- over witho t g ji . ‘ 

culations, no leveling—no timing. Write to 925 Eighth Avenue. 

Michigan City, Indiana 


Write for bulletin No. 2448-D 
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accuracy is provided in 
hundreds of perfected models 
of Paragon Time Delay Relays 
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by powerful self-starting syn- 
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Automatic line | Sa@°%) and control precision ma- 


voltage regulators . : 
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transformers 


FORMERS COR? PARAGON ELECTRIC COMPANY 





‘ Builders of Control Instruments since 1905 
NEW YORK, 35 WEST VAN BUREN ST., CHICAGO, ILLINOIS 


5 NEWYORK N YT CABLES: —— 


INSTRUMENTS 
May 1941—Page 13° 


















































































































































TTT I | 
O5 1 158 2 2s 12 4 7 J 
rc Seconds | Time Units if Z=10 , 
| | Liim= at-Z 
s i. L 
Sa 
Y - : y 
S saa VW a =1%/sec. 
K 4 “ae “ } t 
q ~kty) "A Vk =L =3sec. 
S I=a[t-4(1-e“)] V7 /' 
qa 3 2 | | 
> / 7 - 7) Universal” Chart for Lag of I 
W v4 / when T changes linearly & L is known 
bh 2 —+t |:] scale ratio Yo"=|°orl sec. +— 
ay : . a, a -kt, 7_ -¥ 
= ; << i J =at-+ Fe «[=t+3@ 3-1) 
=e oe ne ToT i [2734 [é 32] | 
If ms ee. @-%| 1 _|.714].512| 367|-264]-135].099] 1 
Fig. 19 ae Ze [=3(e-*4=)) 0 |[.858/1.40411.894/2.21/2.59]2.85 
bncgifle Le ae | 2 [0 [.042].5360.101/1.7913.4016.15 
p - a a oe een ee 
0 1) (2) 1Z (4) (5) 2Z (7) (8) 3Z (10) 


Solution.—A property of the thermometric lag equation 
is that the slope is determined by k (the reciprocal of L). 
Therefore, a family of pointer-response curves for one 
value of departure and various values of L is a “fan” of 
straight lines from the origin (initial temperature and 
zero time). This was already illustrated in Fig. 10. Such 
a diagram is easily made by drawing as many lines as 
there would be values of L (see discussion), after which 
the desired series is constructed by taking off the points 
with plain or proportional dividers. See Fig. 18. 

Discussion.—The lag coefficient of a primary element as 
commercially obtainable is not “adjustable” (in the sense 
of turning a knob) but it varies according to the nature of 
the surrounding fluid, the amount of circulation, etc. The 
National Bureau of Standards, other institutions, and some 
instrument companies, have done and are doing research on 
these effects. Several tables have already been published. 
4 compilation will be found in the Appendix. Knowing 
the lag of a particular primary element in (say) circulated 
water, its lag in other media can thus be obtained and, 
then, by referring to Fig. 18, a decision can be made as to 
whether the controller will be ‘fast enough” for a certain 
process. 

The lag of a primary-element assembly is to a large ex- 
tent “adjustable” by properly selecting materials, lengths, 
thicknesses, ete. Some instrument companies not only have 
assortment of parts and fittings but have deter- 
mined the coefficients of various items in various media. 


a wide 


Example VI 

Data: Initial state: ] = To. Instead of sudden departure, 
process disturbance causes temperature to change at a uni- 
form rate until controller acts (or new equilibrium is estab- 
lished in process). 

Required: Controller characteristics as before. 

Discussion: As was shown in Section 4 of Chapter III, 
when TJ = at, the response is of the form 


] 
I a t (1 e-kt) 
k 


and as the value of ¢ increases beyond 3L to 5L, the ex- 
ponential term becomes negligible. When this term vanishes, 


a 
k 

which is the equation of a straight line. The straight por- 
tion of the / curve is then parallel to the T curve but dis- 


I at - 
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placed therefrom on the time axis in the “later” sense hy 
1/k (which is L), by reason of the negative term. 

Solutions: The chart, Fig. 19, has been prepared to ind 
cate the mathematical procedure and also to aid in graphic 
solutions. The degree and the second being 1%”, a decimal! 
inch rule and proportional dividers will facilitate the cor 
struction of controller characteristic curves. 


Functions other than L 

Thermometric lag has been emphasized beeause its laws 
represent those of most time factors other than thermal, 
found in practice. For example the period due to pressure 
transmission lag is likewise inversely proportional to the 
amount of a sudden change. The equations given above 
may be adapted, for example, to oil refinery applications 
where a pressure in a remote unit must be controlled from 
a central control house. (Strictly speaking, the lag in the 
gage line from the unit to the pressure controller is part 
of the application lag—not a component of the controlle. 
period—but if the instrument engineer is told that it’s /is 
problem, logical or technical lines of demarkation must ge 
by the board.) 

The inverse-time relation is a desirable characteristic. It 
corresponds to the behavior of an intelligent human ope! 
ator, who might make it a practice to “wait and see’? when 
ever small departures from normality occur but would in 
stantly perform a corrective function whenever a large dé 
parture occurs. 

As a rule the converse is also true, that a dead time that 
varies with the amount of departure is an objectionable 
performance characteristic. At first thought it would seem 
impossible that any automatic controller would so behave, 
but such variable periods are met with in overdamped meas 
uring systems, where the driving force causing pointer dis 
placement varies as a lower power of the departure tha: 
the power as which the damping resistance varies. A co! 
troller with such a measuring system will remain inact! 
for a longer time in the event of a large sudden departur’ 
than in the event of a small sudden departure. 

Note however that this has nothing to do with the tot 
operative period of certain step-by-step controllers. 0 
such controller, for example, might be so constructed as 
send uniform impulses to its power device every two s¢ 
onds; so that the number of impulses (and the total ope! 
tive period required to complete the necessary correct) 
action) will naturally vary with the amount of departu: 
On some applications this is a desirable mode of control. 

To be continued 
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DuMont 208 
C-R Oscillograph 


% This instrument is replete with fea- 


»me, rugged, 

portable, for tures to make your work easier and 
ab, shop, flelc . 

; canine more pleasant. It will extend your 
usly - variable investigations into studies not previ- 


ena mans.  OUusly feasible without much labor and 
expense. 

asily - accessible 
m- plate termi- Indeed, because of its outstanding en- 
gineering and completeness, the Du 
Mont 208 Oscillograph will leave some 
money in your budget for other much 


rted four-cycle needed equipment. 
e-wave response 
» 100,000 sinu 
da rycles per sec 


S trical deflection 
h axes for fine 
and no distortion 

Beam switch 


Write for Literature 


Sweep frequencies from 


60,000 cycles per 
nd 
N 15-inch = time 
e with 21 imes 
scale deflection 
Regulated power sup 





no pattern shift 
antaneous spot po 
ning to any point 
e screen 
4144” h., 8 13/16” w 
14” d. 54 Ibs 


ALLEN B. DU MONT 
LABORATORIES, Inc. 


Passaic x New Jersey 











VEEDER-ROOT 
DEVICES 


Give You Up-to-the-Minute 
“NEWSREELS’ on Production 


You get a continuous “‘motion picture” of what’s going 
on in your plant . . . when every machine and process 
is equipped with Veeder-Root Countimg Devices. Across 
your desk will come up-to-the-minute facts in figures 
that will show you where to regulate production more 
closely, curb costs more tightly, and how to make 
future plans with greater certainty. Let Veeder-Root 
Devices make every stroke of work count to the utmost. 


Veeder-Root Inc. 


HARTFORD, CONNECTICUT 


ICES IN Boston, Chicago, Cincinnati, Cleveland, Detroit, Greenville, 

Los Angeles, New York, Philadelphia, Pittsburgh, St. Louis, San Fran- 
. Montreal, Buenos Aires, Mexico City, London, Paris, Tokio, Shanghai, 
fe bourne. In England: Veeder-Root Ltd., Croydon, Surrey. In Canada: 
Veeder-Root of Canada, Led., Montreal 
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ONE SOURCE OF SUPPLY FOR 


ALL RESISTOR TYPES 
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WITH so much depending upon the selection of the 
one right resistor for any job, the importance of 
having a single, specialized source of supply for a// of the 
many fixed and variable resistor types becomes plainly evi- 
dent. You simplify buying — you save time— you get full 
benefit of expert engineering service — and you are assured 
of the utmost in resistor dependability. 


FREE RESISTOR DATA BULLETINS 
















(Please ask for them by number) 


Volume Controls and 
Potentiometers up to 2 
watts and 20 meg. resistance 


Metallized Type Resis- 
tors: Insulated 1, 1 
and 2 watts; high frequency; 
high range; high-frequency 









sistors: Fixed and adjustable 
power types from 10 to 200 
watts in all shapes, mount- 
ings, etc. Inductive and non- 
inductive.14 Precision Types 
to as close as 1 10 of 1% 
accuracy. 











































power; high-voltage power Attenuators: 20 or 30 


Insulated Wire Wound step; ladder, poten- 
Resistors: Type BW tiometer or bridged “T” 
from 1/2 to 1 and 2 types. 


wee ype SEN, Power Rheo- 
5 to 20 watts. @ Seis Cuick 
heat-dissipating 


4 and 

Precision all-metal types up 
ire Wound Re- to 100 watts. 
INTERNATIONAL RESISTANCE COMPANY 
417 N. Broad Street, Philadelphia, Penna. 
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INTEGRATOR FOR CIRCULAR ORDINATES 
Continued from Page 121 


flat face against the drum is moved tangentially to its outer 
surface by three thin, spring-steel bands or belts with oppo- 
site ends attached to the rod and to the drum and passing 
between them with opposing tension. Screw threads and nuts 
at the end of the two outer bands provide for drawing them 
tight. The rod will thus move a distance y—r @ where @ is 
the rotation of the tracer arm and drum and r is the radius 
of the latter plus half the thickness of the bands. This mo- 
tion is smooth and free from back-lash. 

The tracer arm of the integrator has a length equal to 
that of the pen arm of the wattmeter with which the curves 
were recorded. The point which follows the curves is the 
center of a circle about 1 mm. in diameter etched on the 
lower surface of a '%” glass plate. It has been found easy 
to see when the curve passes diametrically through this little 
circle. The instrument may be viewed from a convenient po- 
sition and the strain on the operator from continuous use of 
the instrument is much less than it is with a metal point 
follower. 

The connecting rod consisting of a %4” drill rod and at- 
tached flat ground stock is guided perpendicular to the car- 
riage guide and the time axis of the chart by two bearings 
on the carriage. The tracer point of the planimeter rides in 
a V-groove perpendicular to the connecting rod in a small 
plate attached to the latter and moving near the surface of 
the table. While this point moves in a circular arc, it will 
always have a component of motion parallel to the guide 
rod equal to the motion of the latter, and this distance di- 
vided by the length of the planimeter tracer arm is equal 
to sin ¢ mentioned above. 

The planimeter polar arm rests with its center point in a 
conical socket in the carriage and is allowed to move ver- 
tically between rounded ends of screws so that the planime- 
ter wheel rests with its normal weight on the surface on 
which it rolls. A smooth paper track is provided for the 
planimeter wheel. Shortened points are provided on both the 
tracer arm and the polar arm center to correct for the dis- 
tance above the table surface. A weight is placed over the 
planimeter tracer point to insure its remaining in the V- 
groove. The arrangement permits easy removal of the com- 
plete planimeter 

CALIBRATION 

Planimeters are usually adjusted to read areas in units 
of 0.01 in.? per vernier division, or 10 in.? per revolution of 
the planimeter wheel, which has 100 divisions. Then if y is 
measured in inches and if the carriage advances x inches 
along the time axis, the integrating wheel will advance 10 
yx divisions or 0.1 xy revolutions. Since the integrator tracer 
arm must have a length equal to that of the pen-arm of the 
recorder, the only variable of design available for control- 
ling the calibration is *. 

The described integrator 
conditions: 


is designed for the following 


Chart speed = 3 in. 
‘=F0 


min. 180 in./hr. 
per kilowatt (width of chart is equal to length of 
pen arm, and full-scale defiection is 2 kilowatts) 
If we trace a reading of dw watts for dt hours which is 
equivalent to dwdt watthours, the planimeter reads as fol- 


lows: 
: 1 307r ; 
For dw watts: dy —— X —— dw inches 
1000 180 
For dt hours: dx 180 dt inches 
807r 


(Area measured) dwdt square inches 


1000 
the number of divisions of planimeter wheel. 


0.1 times 


It is found convenient to let one division of the planimeter 
wheel be equivalent to one watthour. The counter wheel 
which counts turns of the planimeter wheel to 10 will thus 
make one revolution for each kw hr. The value of r is found 
at once as r = 100/307 = 1.061”. 

Two adjustments are necessary: First, the chart is placed 
so that the axis of the tracer arm moves along the center 
line of the chart or whatever line corresponds to the posi- 
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tion of the pen-arm axis of the recorder, that is, the ce 

of the ordinate circles. Second, adjustment is made e} 
of the drum with respect to the tracer arm or of th 
groove clamp at the planimeter with respect to the con: 
ing rod, until no change in reading of the integrating w 
is obtained when the carriage is advanced while the tr 
arm follower circle is set on the zero line of the chart. ( 
bration is easily checked by tracing along various f 
wattage lines of the chart. 

RESULTS 

The integrator has been found satisfactory in use. 
accuracy was found to be about of the same order as 
of the wattmeter, i.e., 0.5% of full scale, which is as goo 
one usually expects to get with instruments employing 
tegrating wheels. 

The instrument can be adjusted for zero reading at ed 
or at center of chart. It is necessary that the initial a 
final wattage reading for a given determination be equal, 
and usually curves are started and finished at the zero lin 
To partly correct for errors in placement of the charts and 
allow more latitude in this respect, it has been the practic 
to trace the zero line back to the starting point. It will | 
noted that the instrument as laid out here advances toward 
the right and traces the curve in a direction opposite to that 
in which it was produced, which is convenient in the cas¢ 
at hand. 





INSTRUMENT PANELBOARDS 


Specially Fabricated 


ECONOMICALLY—ACCURATELY—SPEEDILY 
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CASES 
RACKS 


CABINETS 
ENCLOSURES 











ANY METAL 
ANY GAUGE 
ANY SIZE 
ANY FINISH 


Send Us Your Drawings 
and § pecifications 


KARP METAL PRODUCTS CO. 


INCORPORATED 


125 - 30th STREET BROOKLYN, N. Y. 











LIT TELF USE Ss —"Quicker than a short ci 


Instrument fuses for meters 1/200 amp. up. Hi-volt for transmitters, etc 
5.000 und 10,000 volt ranges, 1/16 amo. up. All types of Littelfuse for a 
radio, auto, ete. and mountings. Neon testers and indicators. Write for g 
LITTELFUSE, INCORPORATED—4759 Ravenswood Ave., Chicago, |! 
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Speed up 5 kinds of precision 
process control by using the new 
Taylor Fulscope Controller! 


HE NEW Taylor Fulscope Con- 
troller is a “‘must” for today’s 
industry. You’ve been ordered to 
speed up production and keep up 
(even improve) quality. The job’s 
right down the new Fulscope’s alley. 
You can keep up quality and speed 
up production by using the new 


Taylor Fulscope. It insures automat- 
ically accurate control of processing 
operations. It does away with human 
guesswork that could cause you even 
more trouble in any “speed up” pro- 
gram. It makes you sure that critical 
temperatures, or pressures, or liquid 
levels, or rates of flow, are closely 
governed and reliably recorded. With 
the new Fulscope you can process 
precisely—and fast. 

Besides, it’s the only controller that 
srows to fit growing needs, because 
the new Taylor Fulscope can give 
you “not 1 but 5” forms of process 
control. At first, perhaps, simple proc- 
essing control—that’s all you need. 


Then, just by having other unit as- 
semblies added or substituted in the 
same basic Fulscope case (drilled and 
tapped, so the changeover can be 
done right on the job), the Fulscope 
will handle more complex processing 
operations. A new instrument, with- 
out buying a new one. That’s asaving. 

The new Taylor Fulscope Con- 
troller is a new instrument, re-de- 
signed, re-engineered. It hasn’t 
merely been ‘‘doctored up.” Find out 
all about it from Taylor Instrument 
Companies, Rochester, N. Y. Plant 
also in Toronto, Canada. 


Be prepared with Taylor Instruments 








Not 1 but 5... All these Forms of Control 
available in New Taylor Fulscope Controller 


e . on 
1. Fixed High Sensitivity. 2. Adjust- 
able Sensitivity. 3. Adjustable Sen- 
sitivity with Automatic Reset (in 


same case). 4. Adjustable Sensitivity with Taylor’s 
amazing Pre-Act effect. 5. Adjustable Sensitivity 
with Automatic Reset and Pre-Act. 





i i. 











Indicating # Recording Controlling 








TEMPERATURE, PRESSURE, FLOW 
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